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A " : : w Controlled'Rele£se Dosage Forms of Azithromycin 

- FIELD QFj>|E INVENTION 
: . : - 5 jVV\^^;^Th1s ; |nyentioh relates to a controlled-release dosage form of 
^ithrohriyci^ having an improved side effect profile, to a process for 
AVv-^ to a method of treating a microbial infection, 

comprising administering azithromycin in such a controlled-release dosage 
: ■ : ^ ■ form to a mammal, including a human patient, in need of such treatment. 

;(i:;'\'-io' j^;r;'- ; *. V\ \ ]' ■ ■ ■■ .H; ;/.:■■■- ' ■'. - - 

V - BACKGROUND OF THE INVENTION 

I "'*fl /" = v-j' \ (generic name) for 9a-aza-9a-methyl-9- 

|5 ;V : : depxo-9a-hoi7ioerythrpmycin A, a broad spectrum antimicrobial compound 
Q ; derived from erythromycin A. Azithromycin was independently discovered by 
; : ^ Bright, UJS. F>at • No. 4,474,768 and Kobrehel et al., U.S. Pat. No. 4,517,359; 
f These patents disclose that azithromycin and certain derivatives thereof 
h> possess antimicrobial properties arid are accordingly useful as antibiotics. 

P.0 V'.j. It is widely known that oral dosing of azithromycin can result in the 

i occurrence, ^ of adverse ' 'gastrointestinal (Gl) side effects, 

V»fi;/.;v^ and vomiting. In combined clinical 

?f - studies of azithromycin involving 3,995 patients (all dose levels combined), 

; S;6% pf patients reported gas^ effects. The most frequent of 

: these side effects were diarrhea (3.6%), nausba (2.6%), and abdominal pain 
i (2.5%) (Hopkins^ Am. J. Med. 91 (suppl 3A) (1991) 40S-45S). 
.- V25 / [ The incidence of gastrdintestiriail side effects is higher at higher doses 
' than at lower doses. ^ 

therapy consists of 600 mg on day 1 followed by 250 mg on days 2, 3, 4^ and 
: 5v For this course of therapy i the reported incidence of various 
;^:V'/; : ;v' ; gaisiroint^stinal side effects was 5% diarrhea/loose stools, 3% abdominal 
: 30 ; pain; and 3% of Pfizer Inc.) catpsule package 

'■■■K-V-o oral dose, the reported incidence of various 

V '■"*• - ^gastrointestinal side effects wais 7% diarrhea/loose stools, 5% nausea, and 

'^>2% ypmitihg (Zithromax capsule package insert).; • 

iri^ can cause gastrointestinal sider 

; 35 effebts in noh-humah mammals, e.g. dogs. . .■- 
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An improved dosage form of azithromycin which permitted oral 
dosing of high doses of azithromycin (e.g., 2 g) with relatively reduced side 
effects would permit wider application of single dose azithromycin therapy, 
and would accordingly provide a significant improvement in dosing 
5 compliance and convenience. Likewise, an improved dosage form which 
lowered the incidence of gastrointestinal side-effects at lower doses would 
also be of significant value. 

Summary of the Invention 
10 This invention provides a controlled release dosage form of 

azithromycin which decreases, relative to currently marketed instant release 
azithromycin capsule dosage forms which deliver an equivalent dose, the 
incidence and/or severity of gastrointestinal side effects. The dosage form 
can operate by effecting the release of azithromycin at a rate sufficiently 
15 slow to ameliorate side effects. The dosage form can also operate by 

releasing the bulk of the azithromycin contained therein in the portion of the 
Gl tract distal to the duodenum. Specific embodiments can be in the form of 
a sustained release oral dosage form or, alternatively, in the form of a 
delayed release oral dosage form, or, alternatively, in the form of an orial 
20 dosage form which exhibits a combination of sustained release and delayed 
release characteristics. The term "controlled" is generic to "sustained* and 
"delayed". Dosage forms which release more than 70% of their contained 
azithromycin within one half hour or less are not "controlled release", and 
form no part of this invention. 
25 In a specific aspect this invention provides a sustained release 

dosage form comprising azithromycin arid a pharmaceutical^ acceptable 
carrier which, following ingestion by a mammal in need of such treatment, 
releases azithromycin to said mammal's gastrointestinal tract at a rate such 
that the total amount of azithromycin released therein is: /; 
30 not more than about 4 mg of azithromycin per kg of mammal weight in the 
first 15 minutes after ingestion, . 

not more than about 1 0 mg of azithromycin per kg of mammal weight in 
the first hour after ingestion, 

not more than about 20 mg of azithromycin per kg of mammal weight in 
35 the first 2 hours after ingestion, 

not more than about 30 mg of azithromycin per kg of mammal weight in 
the first 4 hours after ingestion, and 
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not mbre than about 40 mg of azithromycin per kg of mammal weight in 
the first 6 hours after ingestion. 
• The above criteria are herein referred to as the "weight criteria". 

In a further specific aspect, the invention provides an oral delayed 
5 ;: release dosage form of azithromycin, comprising azithromycin and a 
:pharrriac acceptable carrier, which releases not more than about 

■ 10% of its incorporated azithromycin in the stomach, and which releases no 
rinbrfe than an additional 10% during the first 15 minutes after the dosage 
form has entered the duodenum. Once having entered the duodenum and 
10 moved distally through and beyond this intestinal segment for ait le&st 15 : 
^minutes/ the rate at which the dosage form releases azithromycin is not 
critical, so long as substantially all of the azithromycin therein is released for 
absorption, as opposed to being excreted. 

In a further specific aspect, this invention provides a sustained 
15 release dosage form, comprising azithromycin and a pharmaceutical^ 
acceptable carrier, which releases a total amount of azithromycin at the 
following rate following ingestion by a mammal: not more than about 200 mg 
azithromycin total in the first 15 minutes after ingestion, not more than about 
500 mg of azithromycin total in the first hour after ingestion, not more than 
20 about 1000 mg total in the first two hours after ingestion, not more than 

about 1500 mg total in the first four hours after ingestion, and not more than 
about 2000 mg total in the first six hours after ingestion. The proceeding 
^ criteria are referred to herein as the "temporal criteria". Rates of azithromycin 
release lower than the rate just described are also within the scope of the : 
25 invention and may produce even better side effect profiles, particularly for 
; patients under 50kg weight, e.g., children. Thus an azithromycin release 
rate of (each amount representing the total (i.e., cumulative) amount 
released), for example, less than 200 mg in the first 15 minutes after 
ingestion, less than 400 mg in the first hour after ingestion, less than 750 mg 
30 in the first two hours after ingestion, less than 1250 mg in the first 4 hours 
/after ingestion, arid jess than 1500 frig In the first 6 hours after ingestion 
represents a release profile within the scope of the invention and may be 
even -more efficacious for ameliorating side effects. Once six hours followinjg 
l\v"/in"geijrtIon" : has passed, the rate at which the dosage form releases 
35 ;;azithrbmyciri (for example, if the dosage form contained more than 2 g of 
; • ^ is not critical. The rate must, of course, be high 
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enough to provide therapeutic efficacy, that is, a therapeutically sufficient 
amount of azithromycin should be delivered from the dosage form before the 
dosage form is excreted with the feces. 

For example, FIGURE 1 displays hypothetical release profiles 3 and 4 
5 for a dosage form which is within the scope of the invention. The thick 
bolded stair-step profile 1 in fact defines the release profile of the temporal 
criteria. Profile 2 represents a hypothetical release profile outside the scope 
of the invention- 
It is noted that, although the temporal and weight criteria define a 
10 release profile extending for as long as 6 hours, a dosage form according to 
the invention can release substantially all of its azithromycin well before 6 
hours, so long as it otherwise fits within the defined rates. Dosage forms 
according to the invention which contain relatively low amounts of 
azithromycin (e.g., less than lOOOmg) may well release substantially all their 
15 azithromycin within a few hours. 

The term •■ingestion' 1 as used herein is essentially synonymous with 
"swallowing". 

The invention is particularly useful for administering relatively large 
amounts of azithromycin to a patient. The amount of azithromycin contained 
20 within the dosage form is preferably at least 1 gram, and can be as high as 
: 7 grams or more. The amount contained in the dosage form is preferably 
1 .5 to 4 grams, most preferably 1 .5 to 3 grams. The dosage form can be 
unitary as in the case of a bolus, or divided e.g., constituted by two or more 
units (such as capsules or tablets) which are taken at or about the same 
25 time. 

Azithromycin can be employed in the dosage forms of this invention 
in the form of its pharmaceutical^ acceptable salts, and also in anhydrous 
as well as hydrated forms. All such forms are within the scope of this 
invention. The azithromycin employed is preferably the dihydrate, disclosed 

30 for example in published European Patent Application 0 298 650 A2; 
Reference to "azithromycin" in terms of therapeutic amounts or ih release 
rates in the claims is to active azithromycin, i.e., the non-salt, noh-hydrated 
macrolide molecule having a molecular weight of 749. 

The dosage forms which constitute the subject matter of the Invention 

35 are, as mentioned, controlled release formulations. 
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- r , • In the case of sustained release embodiments, the dosage form can 
\;;'<^bejnihe^brrn of a tablet, a capsule, a multiparticulate form,, or a unit dose 
• : packet (sometimes referred to in the art as a "sachet"). 

The term "tablet" is intended to embrace compressed tablets, coated 
■ [5 tablets^ matrix tablets, osmotic tablets, and other forms known in the art, as 
more fully disclosed below. : 
. : - : '; .-■•• :;: v' The term "capsule" is intended to embrace capsules in which the 

a /body of the capsule disintegrates after ingestion to release particulate 
contents which exhibit the desired sustained-release behavior, and also 
10 capsules for which the body of the capsule remains substantially intact : 
during its residence in the Gl tract. 
□ : The term "multiparticulate" is intended to embrace a dosage form /. 

'5 ' V^-poroPH s i n 9 a multiplicity of particles whose totality represents the intended 
:5 ; therapeutically useful dose of azithromycin. The particles generally are of a 
; W ■ : 15 diameter from about 50 microns to about 0.3 cm, with a preferred range of ,' ; 
i^i 1 00 |iM to 1 mm. The use of these and other terms is more fully set out ; 

- . below. Multiparticulates represent a preferred embodiment for sustained- 

> ; re lease because they are amenable to use in scaling dosage forms 

: ill v according to the weight of ah individual animal (e.g., a horse), according to 
J3 ■ 20; the weight criteria previously set forth, by simply scaling the number of 
^ '7;. ; 'a particles in: the dbisage form to conform with the animal's weight. ;# 
■ ; In a further aspect, this invention provides a process for preparing : ; 

s ustained- re le ase do sag e forms of azithromycin, comprising the steps of 
f granulating azithromycin bulk drug substance with a binder, essentially 

;■ 25 Immediately thereafter coating the granulation with a polymer coating of 
controlled permeability to azithromycin, and thereafter further coating said" 
granulation with additional poiyiner of controlled permeability to 
. iazithromycin until enough of the polymer has been applied to effect the 
•desired 

; : ; ^ provides a method for treating a 

^ : ^ a mammal in need of such ■ 

.-.".J:"-"" - t feat rrientV Inclucli hg "a human patient, a therapeutically effective amount of 
■ ~\ \}; ]; ^ ' :.: ^azithromycin in a coritrolied-r^lease oral dosage form which releases the 
^ azithrornycin ac^rdirig to the release rate described above. ■ 
: ;^-;'\'.y = 3$ ' : '^V '^irilhe^'c^ise. of delayed release embodiments, the dosage forrh can be 
J in the form of a tablet, capsule, multiparticulate, suspension, or sachet, ' 
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provided that the dosage form delivers the majority 'of its azithromycin to 
regions of the gastrointestinal tract distal to the duodenum. A variety of 
dosage form embodiments and/or structures may be used to achieve this 
goal, as hereinafter further described in detail. Multiparticulate, bead, or . . 
5 other particle dosage forms may be multiply loaded into a gelatin capsule/or 
may be compressed into a tablet. 

It is an object of this invention to decrease the incidence and severity of 
azithromycin-induced Gl side effects. This is particularly important at high 
doses, for example 2 g and up, at which the incidence of gastrointestinal 
10 side effects can be relatively high. This object is effected by minimizing 
exposure of the duodenum to azithromycin in at least a portion of 
azithromycin-dosed patients, thereby reducing the overall incidence and 
severity of azithromycin-induced gastrointestinal side effects. 
» The inventors conducted a series of studies in man in which the : 

r! 15 incidence and severity of gastrointestinal side effects were assessed after 
p dosing azithromycin intravenously, orally, duodenally (via nasoenteric 

U intubation), and ileally (via nasoenteric intubation), -the studies 

demonstrated that the incidence of gastrointestinal side effects is relatively 

□ low after intravenous dosing, even at doses which are equivalent to a 5.4 g 
^ 20 oral dose. Thus, while not wishing to be limited by or to any particular theory 
i or mechanism, the gastrointestinal side effects of orally dosed azithromycin 

□ appear to be mediated by local interactions between azithromycin and the 
^ intestinal wall. Furthermore, the nasoenteric intubation studies • 

demonstrated that duodenal azithromycin dosing results in more severe 
25 gastrointestinal side effects than does ileal dosing. The inventors 

accordingly determined that dosing azithromycin in a manner which reduces 
exposure of the duodenum to high concentrations of the drug results in - 
decreased gastrointestinal side effects. 

Dosing azithromycin orally in conventional non-controlled-release 
30 capsules results in relatively extensive exposure of drug to the duodenum. 
Dosing of azithromycin in conventional enteric dosage forms which prevent 
significant dissolution of the drug in the stomach can also expose the 
duodenum to a large proportion of the azithromycin dose. It is accordingly a. 
further object of this invention to provide dosage forms which deliver / 
35 therapeutically useful doses of azithromycin, while reducing localized 
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exjDosure of azithromycin thrdug 

v d^^ 

;^ . \ » 

; known and employed conventionally in the art to provide reduced dosing 
5 : frequency for short half-life compounds and to reduce fluctuations in plasma 
■ ;/ concentrations, sometimes imparting an improved safety/efficacy profile, 

■ ■■ ■ v/^ ; { ^Because elimination of azithromycin from the human body is characterized . 
by a long half-iife of about 69 hours, however, it is surprising that at 
;: controlled-release (either sustained or delayed) dosage form would offer 

; / v ^ DESCRIPTION OF THE DRAWINGS ; ^ 

['^'i^'- FIGURE 1 is a graphical illustration of a release profile as broadly ,' 

; : A criteria (profile 1), of several hypothetical 

:^ ^ azithromycin release profiles within the scope of the invention (profiles 3 
]|I ;.^;:^;^:;and 4)/and of a hypothetical release profile outside the scope of the i 
' fc m inyeritioh (profile 2). -. • - " 

DETAILED DISCUSSION ■ ■ / : v yA 

; jg; ; 2^ : - 

, ^controlled [ release dosage forms of azithromycin" have been described as 
15 : "sustained release" embodiments or "delayed release" embodiments, for 
• 6ase of description. Without Intending to be limiting, sustained release : 
Y > ; dosage forms of azithromycin are those which slowly release azithromycin. 
\ of azithromycin are those which release littles 

or no azithromycin for a predetermined time, then release azithromycin 
•quickly or in a sustained fashion. It will be appreciated by those skilled in 
V- the art that certain "sustained releaise" embodiments will also fall under the v 
/.//^^v'-'f^general rubric of "delayed re lease" embodiments, and vice versa. For ^ 
/V v ?/-;- : ;';- 30 .exarnple, sustained release osmotip pump devices generally exhibit a "lag 

: tlrfie" after ingestion, during which time the osmotic pressure in the device is . 
^ ; >^ Thus, an 

*H \: ^ device may be considered both 

■•;/\v^^ Embodiments of the current \ 

: ^ v 1^ controlled release dosage forms of azithromycin which 

^\-^\^ : **-" : "*- : ' : - ^r^- : i"- 'T 1 ®®? .pi©* or" both 'of ttie-'iri yftro-tests desc'ribecl herein (see "Examples* ; ; J; • 
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section) for a "sustained release dosage form", or a "delayed release 
dosage form". 

Sustained Release 

5 The sustained-release dosage forms of this invention can be widely . 

implemented. For purposes of discussion, not limitation, the many 
embodiments hereunder can be grouped into classes according to cfesign 
and principle of operation. 

A first class includes matrix systems, in which azithromycin is 
10 embedded or dispersed in a matrix of another material that servfes to retard 
the release of azithromycin into an aqueous environment (i.e., the lumenal 
fluid of the Gl tract). When azithromycin is dispersed in a matrix of this sort, 
release of the drug takes place principally from the surface of the matrix. 
Thus the drug is released from the surface of a device which incorporates 
15 the matrix after it diffuses through the matrix or when the surface of the 
55 device erodes, exposing the drug. In some embodiments, both mechanisms 

can operate simultaneously. The matrix systems may be large, i.e., tablet 
sized (about 1 cm), or small (< 0.3cm). The system may be unitary (e.g, a ; ^ 
bolus), may be divided (as previously discussed) by virtue of being 
20 composed of several sub-units (for example, several capsules which 
constitute a single dose) which are administerd substantially 
simultaneously, or may comprise a plurality of particles, referred to herein as 
a multiparticulate. A multiparticulate can have numerous formulation >• 
applications. For example, a multiparticulate may be used as a powder for 
25 filling a capsule shell, or used per se for mixing with food (e.g, ice crearn) to : : 
increase palatability. 

The size of the matrix system can affect the rate of azithromycin 
release, therefore, a large matrix system such as a tablet will, in general, 
have a different composition from a small one such as a multiparticulate. 
30 The effect of the size of the matrix system on the kinetics of azithromycin 
release follows scaling behavior well known in the study of diffusion. By way 
of illustration, the following table shows the diffusion coefficient of 
azithromycin required to achieve a characteristic time for release of 10 hours 
for matrix systems of different sizes. 
' 35 . . • • : . .. . • ■ ■ 
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^ . . diffusion coefficient (cn&s) • 

: 0.0025 (5p|im diameter) 1.7 x iO' 10 

/"'>"/->'o!r (2mm diameter) . ■ 3 x 10" 7 

• ; 5 0:5 (1cm diameter) ' • - 7 x 10" 6 

; The above 1 table illustrates that diffusion coefficients change by orders of ^ 
. ; magnitude rais the desired size of the device changes. The high and low 

v: ••/^yalu'es represent approximate upper and lower limits for matrix devices of '[ 

• 10- this invention. That is, rinate rials which exhibit a diffusion coefficient lower 

Titian about .10" -IP are likely unsuitable for this invention as they are 
- ^ totally impermeable to azithromycin. 

■ ^ 1 - Materials characterized by a diffusion coefficient higher than about 7 x 10"S . ; ; 

;~ ^are likely also unsuitable as they are approaching^ re 

j 15 being an inistaht or fast^ Materials at the low end of the 

■ ! |! • ^ diffusion coeffitient scale are polymers such as cellulose acetate. 

• ' - ^ Gprwersely, materials at the upper end of the scale are materials such as 

\ • ; hydrbge^ for any particular device can accordingly be^ 

v R • tailored -by -.the material or materials selected. \-"-~ ' 

: 20 " In the same mariner but different in general, sustained release • 

Jfl ; ; device^ of this invention should be implemented to release the azithromycin 

^ o ;? x ^ Contained therein oye of up to 6 h, and possibly longer. The 

■/ V ^ accordingly be engineered according to the equation RT= r 2 /D • 

25 represents the radius of the device, and D stands for the diffusion coefficient 
5 6f mhhrbmycin in the m^rix m^ 

siiitable dbsage forms can be engineered as a trade-off between the size of 
: V \^ -v;^ the diffusion coefficient of the matrix material. If a spherical 

dosage form is hot employed, then r will, of course, be replaced by other 
'■■?C^.%y : :/^ -suitable dirfierisibn as known in the. art, such as the half thickness of a cube, : 

kho'ft 'axis lor an ellipsoid, 'and the like. ■- 
V':}*^': : '^r~ -Forpurposes of further illustration, to obtain a sustaihed-rfeleasei : 

m^rix in a pkrtide of about 50^m in diameter, a matrix material of a polymer 
v ; cellulose acetate or a similar material will likely be required, the 

;* : bffset the tendency of the small ' 

^ obtain sustainied- : 
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release in a large (e.g., 1cm) device, a material which is mostly liquid-Iik 
(e.g., a hydrogel, see below) will likely be required. For devices of an 
intermediate size, e.g., about 1mm in diameter, a matrix material. of . . . 
intermediate characteristics can be employed. 
5 It is also noted that the effective diffusion coefficient of azithromycin in 

a dense material may be increased to the the desired value by the addition 
of plasticizers, pores, or pore-inducing additives, as known in the art. 
Slowly-hydrating materials may also be used to give the desired 
intermediate diffusion rates. The multiplicity of variables affecting release of 
10 azithromycin from matrix devices permits abundant flexibility in fhe 'design of 
devices of different materials, sizes, and release times. Examples of 
modifications of azithromycin release profiles from the specific embodiments 
of the examples within the scope of this invention are disclosed in detail 

• belOW.- • 

15 A preferred embodiment, a matrix multiparticulate, comprises a 

plurality of azithromycin-containing particles, each particle comprising a 
mixture of azithromycin with one or more excipients selected to form a matrix 
capable of limiting the dissolution rate of the azithromycin into an aqueous 
medium. The matrix materials useful for this embodiment are generally 

20 water-insoluble materials such as waxes, cellulose, or other water-insoluble 
polymers. If needed, the matrix materials may optionally be formulated with 
water-soluble materials which can be used as binders or as permeability- 
modifying agents. Matrix materials useful for the manufacture of these 
dosage forms include microcrystalline cellulose such as Avicel (registered 

25 trademark of FMC Corp., Philadelphia, PA), including grades of 

microcrystalline cellulose to which binders such as hydroxypropyl methyl 
cellulose have been added, waxes such as paraffin, modified vegetable oils, 
carnauba wax, hydrogenated castor oil, beeswax, and the like, as well as' 
synthetic polymers such as poly(vinyl chloride), polyvinyl acetate), 

30 copolymers of vinyl acetate and ethylene, polystyrene, and the like. Water ]• 
soluble binders or release modifying agents which can optionally beV 
formulated into the matrix include water-soluble polymers such as 
hydroxypropyl cellulose (HPC), hydroxypropyl methyl ceMulose (HPMC), 
methyl cellulose, poly (N-vinyl-2-pyrroIidinone) (PVP), poly(ethylene oxide) 

35 (PEO), polyvinyl alcohol) (PVA), xanthan gum, carrageenan, and other such 
natural and synthetic materials. In addition, materials which function as 
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:;. release-moclifying agents include water-soluble materials such as sugars or 
■ ; ^ salts. Preferred water-soluble materials include lactose* sucrose, glucose, 
; : ^and mannitol, as well as HPC, HPMC, and PVP. , 
: ; . A preferred process for manufacturing matrix multiparticulates is the 

5 ^ extrusiori/spherbniiatioh process. For this process, the azithromycin is "wet-" 
. massed with a binder, extruded through a perforated plate or die, and 
; placed on ia rotafm The extrudete ideally breaks into pieces which 

;V- are rounded into spheres, spheroids, or rounded rods on the rotating plate. 
; A preferred process and composition for this method involves using water to 
0 wet-mass a blend comprising about 2d to 75% of micrb-crystalline cellulose 
blended with, correspondingly, about 80 to 25% azithromycin. 

:A process for manufacturing matrix multiparticulates 

is the preparation of wax granules/ In this process, a desired amount of 
.azithrpitiyciri .i"s stirred with liquid wax to form a homogeneous mixture, 
5 :cooled and then forced through a screen to form granules. Preferred matrix 
materials are waxy substances. Especially preferred are hydrogenated 
: castor oil and carnauba wax and stearyl alcohol. \ ..'.V : 

; V A further preferred process for manufacturing matrix multiparticulates 
involves using an organic solvent to aid mixing of the azithromycin with the 
0 : m can be usied when it is desired to utilize a 

matrix material with an unsuitably high melting point that, if the material were 
emplbyed in a molten state, would cause decomposition of the drug or of the 
"y. matrix material, or would result in an unacceptable melt viscosity, thereby 

preyfe mixing of azithromycin with the matrix material. Azithromycin and 
5 .matrix material m^y be combined with a modest amount of solvent to 'form a 

* paste, arid then forced through a screen to form granules from which the 
'I solvent js then removed. Alternatively, azithromycin and miatrix material may 
be combined with enough solvent to completely dissolve the matrix material 
; and the resulting solution (which may contain solid drug particles) spray 
0 v ^driedlq form the particulate dosage form. This technique is preferred when 

the matrix mate rial is ;.a high molecular weight synthetic polymer such as a 
:;: ^cellulose et heir or cellulose ester. Solvents typically employed for the 
y,.-:Vp'rpcess include atetone, etPi?hol, isopropanol, ethyl acetate, and rnixtures 
: '; ; ;:-oftwdprrn^ • . . V "*'.. ■■■■*'" " 

5. ^ ^Onc? formed, azrt matrix multiparticulates may be blended 

■ l Wfth cbm^ lactose, microcrystalline cellulose, 
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dicalcium phosphate, arid the like and the blend compressed to form a 
tablet. Disinteg rants such as sodium starch glycolate or crosslinked . 
polyvinyl pyrrolidone) are also usefully employed. Tablets prepared by this 
method disintegrate when placed in an aqueous medium (such as the Gl 
5 tract), thereby exposing the multiparticulate matrix which releases 
azithromycin therefrom. 

A further embodiment of a matrix system has the forrh of a hydrophilic 
imatrix tablet containing azithromycin and s'n amount of hydrophilic polymer 
sufficient to provide a useful degree of control over the azithromycin 

10 dissolution. Hydrophilic polymers useful for forming the matrix include 

hydroxyprGpylmethyl cellulose (HPMC)* hydroxypropyl cellulose (HPC), pdly 
(ethylene oxide), polyvinyl alcohol), xanthan gum, carbomer, carrageenan, 
and zooglan. A preferred material is HPMC. Other similar hydrophilic 
polymers may also be employed. In use, the hydrdphilic material is swollen 

15 by, and eventually dissolves in, water. The azithromycin is released both by 
diffusion from the matrix and by erosion of the matrix. The azithromycin , 
dissolution rate of these hydrophilic matrix tablets may be controlled by the 
amount and molecular weight of hydrophilic polymer employed. In general, 
using a greater amount of the hydrophilic polymer decreases the dissolution 

20 rate, as does using a higher molecular weight polymer. Using a lower 
molecular weight polymer increases the dissolution rate. The dissolution . 
rate may also be controlled by the use of water-soluble additives such as 
sugars, salts, or soluble polymers. Examples of these additives are sugars 
such as lactose, sucrose, or mannitol, salts such as NaCI, KCI, NaHC03, 

25 and water soluble polymers such as PNVP or PVP, low molecular weight 
HPC or HMPC or methyl cellulose. In general, increasing the fraction of 
soluble material in the formulation increases the release rate. A matrix 
tablet typically comprises about 20 to 90% by weight of azithromycin and 
about 80 to 10% by weight of polymer. 

30 A preferred matrix tablet comprises, by weight, about 50% to about 

80% azithromycin, about 1 5% to about 35% HPMC> 0% to about 35% 
lactose, 0% to about 15% PVP, 0% to about 20% micrbcrystainne cellulose, 
and about 0.25% to about 2% magnesium stearate. 

The matrix systems as a class often exhibit non-constant release of 

35 the drug from the matrix. This result may be a consequence of the diffusive 
mechanism of drug release, and modifications to thie geometry of the 
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;/\-'-: ; i^ ; ^dtfsage/forrh dan be used to advahtacjfe to make the release rate of the drug 
more bqnstant as detailed below. 

In a further embodiment, an azithromycin matrix tablet is coated with 
ari impermeable coating, and an orifice (for example, a circular hole or a 
-/. : .5 rectangular opening) is provided by which the content of the tablet Is 
; exposed to the aqueous Gl tract. These embodiments are along the lines of 
*■-■. thbse presented in in U.S. 4,792,448 to Ranade, herein incorporated by 
: V r^rence. Thei opening is typically of a size such that the area of the 
e^x azithromycin composition constitutes less than about 

10 40% of the surface area of the device, preferably less than about 15%. 
' : \ /. _ :: '\n a preferred embodiment, an azithromycin matrix tablet is coated 
{ w_ '"with an irnpermeaible ^material on part of its surface, e.g. on one or both 
" tablet facfes, or oh the tablet radial surface. ; > : : ; 

[U ;V In a preferred embodiment, an azithromycin matrix tablet is coated 

)'M 15 with an impermeable material and an opening for drug transport produced ; 
jjj v----":by drilling a hole through the coating. The hole may be through the coating 
only, or may extend as a passageway into the tablet. ; 
[•: : ^''y'::At\.a further preferred embodiment, an azithromycin matrix tablet is 
: coated with ah impermeable material and a passageway fpr drug transport 
3 20 produced by drilling a passageway through the entire tablet, 
g ^ = : In a further preferred embodiments^ azithromycin matrix tablet Is 
; ^ coated with an impermeable material and one or more passageways for 
'; -''' ; ;v ; i:-drug transport are produced by removing one or more strips from the 
.»/."/. : -;^Jm by cutting bhfe or more slits through the coating, 

•25^ Vp or land of the tablet. 

In; a preferred embodiment, an azithromycin matrix tablet is shaped in 
^he form of a cone and completely coated with an impermeable material. A 
. ^ is produced by cutting off the tip of the cone. 

. ; : . ; rlri a further prefeiTed embodiment, an azithromycin matrix tablet is 
^3ti ■ of a . hemisphere and completely coated with an 

: r impermeiabliB material. A passageway for drug transport is produced by 
% . ^driliing a : hote/,in -Ihe/cci rrter of" the fliat 'f abd ' of "the 'hemisphere. : -V;";-- : 
; ; lri a further preferred embodiment, ah azithromycin matrix tablet IS . 
v shaped in the fo and completely coated with .'an 

35 impiermeable material. A passageway for drug transport is produced by 
^■-culling as!it through; (or removing a strip from) the impermeable cdatihg 
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. along the axis of the half-cylinder along the centerline of the flat face of the 
half-cylinder. 

Those skilled in the art will appreciate that the geometric 
modifications to the embodiments described above can be equivalently . 
5 produced by more than one method. For example, cutting or drilling to make 
a passageway for drug transport can be achieved by other operations such 
as by a technique which produces the desired partial coating directly. 

By "impermeable material" is meant a material having sufficient 
thickness and impermeability to azithromycin such that no significant 
10 transport of azithromycin can take place through the mate rial di) ring the time 
scale of the intended drug release (i.e., several hours to about a day). Such 
^ a coating can be obtained by selecting a coating material with a sufficiently : 

!p low diffusion coefficient for azithromycin and applying it sufficiently thickly. 

iJJ V Materials for forming the impermeable coating of these embodiments 

13 15 include substantially all materials in which the diffusion coefficient of ' 
azithromycin is less than about 1 0" 7 cm 2 /s. It is noted that the preceding 
diffusion coefficient can be amply sufficient for a matrix device, as discussed 
above. In a device of the type now under discussion which has been . 
ib provided with a macroscopic opening, however, a material with this diffusion 

W 20 coefficient (and almost any membrane material that is not a liquid) looks to 
[i the contained azithromycin, by contrast, as though it is impermeable : 

□ because the majority of transport is through the opening. Preferred coating 

I'* materials include film-forming polymers and waxes. Especially preferred are 

thermoplastic polymers, such as poly(ethylene-co-vinyl acetate), poly(vinyl 
25 chloride), ethylcellulose, and cellulose acetate. These materials exhibit the 
desired low permeation rate of azithromycin when applied as coatings of 
/ thickness greater than about 100 jim. 

A further sustained release matrix system comprises azithromycin 
dispersed in a hydrogel matrix. This embodiment differs from the hydrophi lie 
30 matrix tablet discussed above in that the hydrogel of this embodiment is not 
a compressed tablet of erodible granular material, but rather a monolithic 
polymer network. As known in the art, a hydrogel is a water-swe liable 
network polymer. Hydrogels are preferred materials for matrix devices 
because they can absorb or be made to contain a iarge volume fraction of /; 
; 35 water, thereby permitting diffusion of solvated drug within the matrix. ; """ 
Diffusion coefficients of drugs in hydrogels are characteristically high, and 
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".-Vidr highly water-iwollien gels/the diffusion coefficient of the drug in the gel 
; m in pure water. This high diffusion coefficient permits 

practical release rates from relatively large devices (i.e., it is not necessary 
; ; t hydroge I devices can be prepared, loaded 

v 5 ^ dispensed and dosed in the fully hydrated state, it 

'r:Vl is preferred that they be stored, dispensed, and dosed in a dry state. In 
-X " : \^adclitioh -tb' stabiijfy : -and"cbnveriience t dry state dosincj of hydrogel devices v ; 
; V>V.prbyides 'go6*d azithromycin release kinetics. Preferred materials for forming 
■ hyd^ include hydrophilic vinyl and acrylic polymers, polysaccharides 
•' : ' : "Vib such as calcium alginate, and pply(ethylene oxide). Especially preferred are 
:poly(2-hydroxyethyl me poly (aery lie acid), poly(methacry lie acid), 

i J-k?; :.•=" polyvinyl alcohol) and their copolymers with 

2 : t each other and with hydrophobic monomers such as methyl methacrylatef, ■ 
§;:'' -"-r-. yinyl adetate, and the like. Also preferred are hydrophilic polyurethanes ; 

5 15 containing large poly(ethylene oxide) blocks. Other preferred materials 

•> inplude hydrbgels comprising interpenetrating networks of polymers, which 
may be formed by condensation polymerization, the 

r : ( components of which may comprise hydrophilic and hydrophobic monomers 
P ; such as those just enumerated. ; 

S 20 " A second class of azithromycin sustained-release dosage forms of 
this invention Includes^ m or reservoir systems. In this 

3 ; "'V" class, a reservoir of azithromycin Is surrounded by a rate-limiting membrane. 
~ ^ ■: The azithromycin traverses the membrane by mass transport mechanisms 

25 rriembrane foilqwed by diffusion across the membrane or diffusion through 
, V ' - liquid-filled pores within the membrane. These individual reservoir system 
• : - dosage forms may be large, as in the base of a tablet containing a single 
. large reseivoir, or multiparticulate, as in the case of a capsule containing a 
^ plurality of resieivoirp individually coated with a membrane. 

30 The cok\irig dan be non-porous, yet permeable to azithromycin (for example 
;':ii^'ithroVtiycin : may '.cliiffuse directly through the membrane), or It may be 
• : ; : - porous. As with other embodiments of this invention, the particular 
-.v iTiechahism of transport is not believed to be critical. 

; Sustained known In the art may be employed to 

■ -"Vv"'i35." : " f abjidate "the membrane, especially polymer coatings; such as a cellulose 
i'^V^- -'-V'X-r^'-^feteB^ "^rtiF>«r^ ~eLn acrylic polymer, or a mixture of polymers. Preferred 
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materials include ethyl cellulose, cellulose acetate and cellulose acetate 
buty rate. The polymer may be applied as a solution in an orgianic solvent or 
as an aqueous dispersion or latex. The coating operation may be 
conducted in standard equipment such as a fluid bed coater, a Wurster 
5 coater, or a rotary bed coater. 

If desired, the permeability of the coating may be adjusted by 
blending of two or more materials. A particularly useful process for tailoring 
the porosity of the coating comprises adding a pre-determined amount of a 
finely-divided water-soluble material, such as sugars or salts or water- 
10 soluble polymers to a solution or dispersion (e.g., an aqueous latex) of the ; 
membrane-forming polymer to be used. When the dosage form is ingested 
into the aqueous medium of the GI tract, these water soluble membrane 
additives are leached out of the membrane, leaving pores which facilitate 
release of the drug. The membrane coating can also be modified by the. 
15 addition of plasticizers, as known in the art. 

A particularly useful variation of the process for applying a membrane 
coating comprises dissolving the coating polymer in a mixture of solvents 
chosen such that as the coating dries, a phase inversion takes place In the 
applied coating solution, resulting in a membrane with a porous structure. 
20 Numerous examples of this type of coating system are given in European 
Patent Specification 0 357 369 B1, published March 7, 1990, herein / 
incorporated by reference. In general, a support for mechanically 
strengthening the membrane is not required. 

The morphology of the membrane is not of critical importance so long 
25 as the permeability characteristics enumerated herein eire met. The 

membrane can be amorphous or crystalline. It dan have any category of , 
morphology produced by any particular process and can be, for example, ah 
interfacially-polymerized membrane (which comprises a thin rate-limiting u 
skin on a porous support), a porous hydrophilic membrane, a porous 
30 hydrophobic membrane, a hydrogel membrane, an ionic membrane, arid 
other such materials which are characterized by controlled perrneability to ; 
azithromycin. 

A useful reservoir system embodiment is a capsule having a shell 
... comprising the material of the rate-limiting membrane, including any of the 
35 membrane materials previously discussed, and filled with an azithromycin 
drug composition. A particular advantage of this configuration is that the 
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^ jbapsule may be prepared independently of the drug composition, thus . 
; V^. ':. process conditions that would adversely affect the drug can be used to 

prepare the capsule. A preferred embodiment is a capsule having a shell 
• ^ . ; made of a porous or a permeable pbiymer made by a thermal forming 
^ S- process: Ah especially preferred embodiment is a capsule shell in the form 
■ / vqf ah asymmetric m he., a membrane that has a thin skin on one 

!y ^ surtace ar^ most pi whose thickness is constituted of a highly permeable 

^ porous material. A preferred process for preparation of asymmetric 
v:Vmembrane capsules comprises a solvent exchange phase inversion, 
ip whereiri a solution of pbiymer, coated on a capsule-shaped mold, is induced 
to phase-separate by exchanging the solvent with a-miscible non-solvent. 
V; • : . ' Examples of asymmetric membranes useful in this invention are disclosed in 
!|| ; ^ % the aioreimentiohed European Patent Specification 0 357 369 B1. 
m^-'-'^'-v'-;':. / A preferred embodiment of the class of reservoir systems comprises a 
!a 15 muitiparticulate wherein each particle is coated with a polymer designed to 
j;p . - ; ^- ^jeld sustained release of azithromycin. The multiparticulate particles each 
jVv" . comprise ■azithromycin and one or more excipients as needed for fabrication 
! f/C V. : '- : arid ' pe rfo rmance.! the size of individual particles, as previously mentioned, . 
u r is generally between about 50 \im and about 3 mm, although beads of a , 
/ 20 size outside this range may also be useful. In general, the beads comprise 
^'azithromycin and one or more binders. As it is generally desirable to 
S • : ; V produce dosage forms which are small and easy to swallow, beads which ; 
J contain a high fraction of azithromycin relative to excipients are preferred. 
Binders useful in fabrication of these beads include microcrystalline 
: 25 I cellulose (e.g^Avicel® . FMC Corp.). hydroxypropyl cellulose (HPC),- 
1 hydroxypropyi methyl cellulose (HPMC), arid related materials or 
: : -combinations thereof; J general, binders which are useful in granulation 
: y ;. - ; >rid tabletti ng} such as starch , pregelatinized starch, and poly (N-vinyl-2- ; : 
: !: pyrrolidinohe) (PVP) may also be used to form multiparticulates. 
• ; : 1 30 ' Reservoir system azithromycin multiparticulates rriay be prepared 

r;^ using techniques known to thps6 s the art, including, but hot limited 

; < to, the techniques of extrusion and spheronization, wet granulation, fluid bed 
V: ; 5 ranulation i and rotary bed granulation. In addition, the beads may also be 
: : V ; prepared by building the azithromycin composition (drug plus excipients) up 
'.':] : ^;^5 ] oh a seed core (such as a non-pareil seed) by a drug4ayering technique . 
; > v" ■ .v such as powder coating or by applying the azithromycin composition. by 
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spraying a solution or dispersion of azithromycin in an appropriate binder 
solution onto seed cores in a fluidized bed such as a Wurster coater or a 
rotary processor. An example of a suitable composition and method is to 
spray a dispersion of an azithromycin/hydroxypropylcellulose composition in 
5 water. Advantageously, azithromycin can be loaded in the aqueous 
composition beyond its solubility limit in water. : 

A preferred method for manufacturing the multiparticulate cores of this 
embodiment is the extrusion/spheronization process, as previously 
discussed for matrix multiparticulates. A preferred process and composition 
10 for this method involves using water to wet-mass a blend of about 5 to 75% 
of micro-crystalline cellulose with correspondingly about 95 to 25% 
azithromycin. Especially preferred is the use of about 5-30% 
microcrystalline cellulose with correspondingly about 95-70% azithromycin. : 
A sustained release coating as known in the art, especially polymer 
15 coatings, may be employed to fabricate the membrane, as previously 
discussed for reservoir systems. Suitable and preferred polymer coating 
materials, equipment, and coating methods also include those previously 
•discussed. 

The rate of azithromycin release from the coated multiparticulates can 

20 also be controlled by factors such as the composition and binder content of 
: the drug-containing core, the thickness and permeability of the coating, and 
the surface-to-volume ratio of the multiparticulates, it will be aippreciated by; 
those skilled in the art that increasing the thickness of the coating will 
decrease the release rate, whereas increasing the permeability of the 

25 coating or the surface-to-yolume ratio of the multiparticulates will increase 
the release rate. If desired, the permeability of the coating may be adjusted 
by blending of two or more materials. A useful series of coatings comprises 
mixtures of water-insoluble and water-soluble polymers, for example, :";\ 
ethylcellulose and hydroxypropyl methylcellulose, respectively. A 

30 particularly useful modification to the coating is the addition of finely-divided 
water-soluble material, such as sugars or salts. When placed in an aqueous 
medium, these water soluble membrane additives are leached out of the \ 
membrane, leaving pores which facilitate delivery of the drug. The „ 
membrane coating may also.be modified by the addition of plasticizers, as is 

35 known to those skilled in the art. A particularly useful variation of the 
membrane coating utilizes a mixture of solvents chosen such that as the 
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' Rebating dries, a phase inversion takes place in the applied coating solution, 
: resulting in a rtiembrane with a porous structure. 

■ A preferred embodiment is a multiparticulate comprising about 95% 
, Azithromycin; the i^ 

.,' : " : :-5 \\ dispersion of ethyl celiulose, which dries to form a continuous film. 
: A further preferred embodiment is obtained when the azithromycin 

v;./^^ less than about 400 |im in size arid are coated with a phase ' 

; An especially preferred embodiment is obtained when the 
- :^10 V ^ithrorriycin beads are less than about 400 jam in size and are 'coated with 
:--V^ • ; an aqueous dispersion of ethyl cellulose, which dries to form a continuous 

; ; ,:..' : :-;;:- : fiim^ ) .. \ • . •• • • .. * " : ; .';/•> • ■•/•• ; )'■'■' : . . • V- 

... g ; . ; v • ; An even more especially preferred embodiment is obtained when the 

\ azithromycin beads are jess than about 300 jim in size and are coated with 
: j 2 I 5 ^ n aqueous dispersion of ethyl cellulose, which dries to form a continuous 

■*'•■•"■'■ 1 SJ ■•• v :;.V- ; vfilm^VJ\'": : -r <~' .- v " '■ 7 .• ';"."-' : / '< ■ ' " : ' ■- .-' : ' ' * 
;;-H'B-'. vA third class of azithromycin s^ 

^ ; ,\ : - includes the osmotic delivery devices of "osmotic pumps" as they are known . 
:'u\ / ; - in the art. ^Osmotic pumps comprise a core containing an osmotically ' m . 
i3 : : ; 20: effective composition surrounded by a semipermeable membrane. The term 
5 : L "semipermeable" in this context means that water can pass through the 
; ^ but solutes dissolved in water cannot. In use, when placed in an 

Aqueous environment, the device imbibes water due to the osmotic activity . 
: oH^ ; 
25 surrounding membrane, the ^ contents of the device (including the drug and 
any excipients) cannot pass through 
. : : membrane arid are driven by osmotic pressure to leave the device through 
; ; 7\ , an opening or passageway pre-manufactured into the dosage form or, : 
^itematively, formed in situ m Xhe G I tract as by the bursting of intentionally- 
: 30 : iricb^brated weak points in the coating under the influence of osmotic 
; ? pressure. ;The osmotically effective composition includes water-sioluble 
^is^cieis. whidh generate a colloidal osmotic pressure, and water-swellabie 
V V ^ • ^; \ > ^ drug itself (if highly water-soluble) may be an osmotically 

"viv ^effective component of the mixture. Azithromycin fumarate has a solubility at 
'\ • :i l ^ to an osmotic pressure of about 3 \ 

•y . vv ^ to contribute some osmotic driving force. However,- 
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the solubility of azithromycin dihydrate in a self-buffered solution (pH > 8) is 
much lower. Therefore, the osmotic effectiveness of azithromycin depends 
on the presence of acidic buffers in the formulation. The drug composition 
may be separated from the osmotically effective components by a movable 
5 partition or piston. 

Materials useful for forming the semipermeable membrane include 
polyamides, polyesters, and cellulose derivatives. Preferred are cellulose 
ethers and esters. Especially preferred are cellulose acetate, cellulose • 
acetate butyrate, and ethyl cellulose. Especially useful materials include 

10 those which spontaneously form one or more exit passageways, either : / 
during manufacturing or when placed in an environment of use. These . 
preferred materials comprise porous polymers, the pores of which are 
formed by phase inversion during manufacturing, as described above, or by 
dissolution of a water-soluble component present in the membrane. 

15 A class of materials which have particular utility for forming 

semipermeable membranes for use in osmotic delivery devices is that of 
porous hydrophobic polymers, as disclosed by commonly assigned co- 
pending U.S. application Serial No. 08/096,144 filed July 22, 1993, herein t 
incorporated by reference. These materials are highly permeable to water, 

20 but Highly impermeable to solutes dissolved in water. These materials owe 
their high water permeability to the presence of numerous microscopic 
pores (\.e. t pores which are much larger than molecular dimensions). 
Despite their porosity, these materials are impermeable to molecules in 
aqueous solution because liquid water does not wet the pores. Water in the [ 

25 vapor phase is easily able to pass across membranes made from these 
materials. 

A preferred embodiment of this class of osmotic delivery devices 
consists of a coated bi-Iayer tablet. The coating of such a tablet comprises a 
membrane permeable to water but substantially impermeable to ; 

30 azithromycin and excipients contained within. The coating contains one of 
more exit passageways in communication with the aztthromycin-containing 
layer for delivering the drug composition. The tablet core consists of two , 
layers: one layer containing the azithromycin composition and anothier layer 
consisting of an expandable hydrogel, with or without additional osmotic 

35 agents. ■-. -/'■■ 
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i V /When placed in an aqueous medium, the tablet imbibes water 

V through the membrane, causing the azithromycin compositipri to form a •= 
' ; • v ^ ^pensible aqueous composition, and causing the hydrogel layer to 
expand and push against the azithromycin composition, forcing the 
\. 5 :razitWpmycin composition out of the exit passageway; ; : ' 

V'-'^-The rate of azithromycin deiiyery is controlled by such factors as the . 
permeability and thickness of the boating, the water activity of the hydrogel 
•• ; \ikyer, and the surface area of the device. Those skilled in the art will 
. •, appreciate that Increasing the thickness of the coating will reduce the : 
10 release rate, whereas increasing the permeability of the cbating'or the water 
:activity of the hydrogel iayer or the surface area of the device will increase 
::]:^;. : ;:: the release- rate, y \y]"..'/?;" : : > . ': 

^; s E which are useful to form the azithromycin . '• 

;Jj :fy composition, in addition to the azithromycin itself, include hydroxypropyl . ' 
^} - lb methyl cellulose, poly (ethylene oxide), poly (N-vinyl-2-py rrolidindne) or ; 
■\y; \ffl>- : ;-'., pVP, and other pharmkceutically-acceptable carriers. In addition, 

]^./r. ; : ; bsmagerits such as sugars or salts, especially sucrose, mannitol, or sodium 
!r i ; chloride, may be added. Materials which are useful for forming the hydrogel ; 
> r layer include sodium carboxy methyl cellulose, poly (ethylene oxide), poly 
a ; 20 (aery lie acid)^sodiurri (poly-acrylate) and other high molecular : weigrrt 
'^W/--:; : r':'- : ; hydrophilic maferiais.' Particularly useful are poly (ethylene oxide) having a 
" - rhplecular weight from about '.4,000,000 to about 7,500,000 and sodium 
carboxymethyl cellulose having a molecular weight of about 200,000 to 
■■■\\];-^' 'about 1,000,000. ' .-/'• ]\- '•■ ,'- : - • ' . " ^- •'. • .';: •'•'•:• 

^ ^ ^ 25 • Materials which are useful for forming the coating are cellulose 

/0 Asters, oellulbse ethers, and cellulose ester-ethers. Preferred are cellulose ; 

: : 5 ^ Acetate and ethylcellulbse. ^ '..:•" . •' ''■■[■''■'' 

;.;-^; : ,';/ vjhe exH passageway must be located on the side of the tablet ; 
tf ;5 /C cort more than one such 

30 ixit passageway. The exiit passageway may be produced by mechanical or \ 
: ? '."V : ^ ' by ^ lase^llirig; or by creating a difficult-tb-coat region on the tablet by use , 

■>■'"; of special tooling during tablet compression. The rate of azithromycin 
:• : : ; ; detivery from the device imay be optimized so as to provide a method of 
}.':■,'$•*• '/- ^ . ,d to a miammal for optimum therapeutic effect 
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A fourth class of azithromycin sustained release dosage forms of this 
invention comprises coated hydrogel tablets and multiparticulates, as :■ 
described in co-pending commonly assigned U.S. Serial No.07/296,464, 
filed January 12, 1989 (published as EP 378404 B1 August 31, 1994), 
5 herein incorporated by reference. Coated hydrogel tablets comprise a tablet 
core comprising azithromycin and a swelling material, preferably a hydrogel 
polymer, coated with a membrane which contains holes or pores through 
which, in the aqueous use environment, the hydrogel can extrude and carry 
out the azithromycin- Alternatively, the membrane may contain polymeric or 
10 low molecular weight water soluble porosigens which dissolve in the 

aqueous use environment, providing pores through which the hydrogel and 
azithromycin may extrude. Examples of porosigens are water-soluble 
polymers such as hydroxypropylmethylcellulose, and low moleculsir weight 
compounds like glycerol, sucrose, glucose, and sodium chloride. In this . 
15 fourth class of azithromycin sustained release dosage forms, the membrane 
material may comprise any film-forming polymer, including polymers which 
are water permeable or impermeable, providing that the rinembrane . 
deposited on the tablet core is porous or contains water-soluble porosigens. 
Multiparticulates (or beads) may be similarly prepared, with an 
20 azithromycin/swellable material core, coated by a porous or porosigen- 
containing membrane. 

As it is an object of this invention is to reduce the exposure of the . 
upper Gl tract to high concentrations of azithromycin, a fifth especially 
preferred class of dosage forms includes those forms which incorporate a 
25 delay before the onset of sustained release of azithromycin. An exemplary 
embodiment can be illustrated by a tablet comprising a core containing 
azithromycin coated with a first coating of a polymeric material of the type : 
useful for sustained release of azithromycin and a second coating of the 
type useful for delaying release of drugs when the dosage form is ingested. 
30 The first coating is applied over and surrounds the tablet. The second 
coating is applied over and surrounds the first coating. 

The tablet can be prepared by techniques well known in the art and 
contains a therapeutically useful amount of azithromycin plus such 
excipients as are necessary to form the tablet by such techniques. 
35 The first coating may be a sustained release coating as knowri in the 

• art, especially polymer coatings, to fabricate the membrane, as previously 
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" v discussed Suitable arid preferred polymer coating 

materials, equipment, and coating methods also include those previously 
Y;-;V: discussed!. ;\ ; / v ^ V : 

7^' "Materials usefui for preparing the second coating on the tablet 
' 5 include polymers known in the art as enteric coatings for delayed-release of 
; : /pharmacei^jcials/ TTiese most commonly are pH-se native materials such as 
■ V cellulpsei acetate phthaiate, cellulose acetate trimellitate, hydroxypropyl 
• fc "^ff-;-;m.€ithyl cellujose phthaiate, poly (vinyl acetate phthaiate)* and acrylic 
-.:;C;:.;Cppo Eudragit L-100 (R6hm Pharrna) arid related materials, 

10 as more fully detailed below under "Delayed Release*. The thickness of the 
^de\ay^d-re\es^e coating is adjusted to give the desired delay property. In 
^ gienefiai, thicker coatings more resistant to erosion and, consequently; 
; ; y\ ^ yield a longer delay. Preferred coatings range from about 300|xm in 

/thickness to iabout 3mm ih thickness. 
15 *:77 : ./ ; .> Wheam^ tablet passes through the stomach,' 

: where th^ coating prevents release of the azithromycin under the 

. . * acidic cpnditiohs prevalent there. When the tablet passes put of the stomach 
; \ arid into the small intestine/ where the pH is higher, the second coating 
•: v erodes or dissolves according to the physlcocherhical properties of the 
:20> chosen material. Upon erosion or dissolution of the second coating, the first 
• //-coating prevents immediate or rapid release of the azithromycin and * 
V; modulates the release so as to prevent the production of high 
/ cohcentfatiphs," thereby side-effects. ; 

■ A further preferred em comprises a multiparticulate wherein 

25 7each particle is dual coated as described above for tablets, first with a "7 
; ; 'polymer designed to yield sustained release of the azithromycin and then 
: coated with a polyrtier designed to delay onset of release in the environment 
: ;. ; ' - ;pf the Gl tract when the dosage form is ingested. The beads contain 
/'*-- "^ratlw one or more excipients as heeded for 

''30/ ^ fabricatipri^a which contain a high fraction 

^ preferred. The multiparticulate may be 

;.7 ^ipf ? cbmpdsitiori and be fabricated by any of the techniques previously 
/ •■ disclosed fpr^m used to make reservoir systems (including 

- ^ bed granulation, and ' 

35 rotary bed granulatipti, seed building^ and so forth). 
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The sustained release coating may be as known in the art, especially 
polymer coatings, to fabricate the membrane, as previously discussed for 
reservoir systems. Suitable and preferred polymer coating materials, 
equipment, and coating methods also include those previously discussed. ; 
5 The rate of azithromycin release from the sustained-release-coated 

multiparticulates (i.e., the multiparticulates before they receive the delayed- 
release coating) and methods of modifying the coating are also controlled 
by the factors previously discussed for reservoir system azfthrpmycih 
multiparticulates. ' ^ 

10 The second membrane or coating for dual coated multiparliculates is 

a delayed-release coating which is applied over the first sustained-release 
coating, as disclosed above for tablets, and may be formed from the same; 
materials. It should be noted that the use of the so-called "enteric" 
materials to practice this embodiment differs significantly from their use to 
15 produce conventional enteric dosage forms. With conventional enteric 
forms, the object is to delay release of the drug until the dosage form has 
passed the stomach and then to to deliver Xh6 dose in the duodenum.* 
Dosing of azithromycin directly and completely to the duodenum is 
undesirable, however, due to the side effects sought to be minimized or 
20 avoided by this invention. Therefore, if conventional enteric polymers are to 
be used to practice this embodiment, it may be necessary to apply theim 
significantly more thickly than in conventional practice, In order to delay drug 
release until the dosage form reaches the lower Gl tract. However, It is 
preferred to effect a sustained or controlled deliyiery of azithromycin after the 
25 delayed-release coating hais dissolved or eroded, therefore the benefits of 
this embodimient may be realized with a proper combination of delayect- 
releasei character with sustained-release character, and the delayed^ 
release part alone may or may not necessarily conform to USP eriteric 
criteria. The thickness of the delayed-release coating is adjusted to give th<e 
30 desired delay property. In general, thicker coatings are more resistant to . . 
erosion and, consequently, yield a longer delay. 

Delayed Release ^ 

35 A first delayed release embodiment according to the invention is a n pH- 
dependent coated tablet", which comprises a tablet core comprising 
azithromycin, a disintegrant, a lubricant, and one or more pharmaceutical 
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^carriers, 'such core being coated with a material, preferably a polymer, which 
.is substantially insoluble and impermeable at the pH of the. stomach, and 
which is more soluble and permeable at the pH of the small intestine. 

■ Preferably , : the coating polymer is substantially insoluble and impermeable 
L .-5 •. l at pH <5.0, and water-soluble at pH>5.0. It is also preferred that the tablet 

v/^'icbre be coated with ah amount of polymer sufficient to assure that ; 
,=v:V";-V-substantially' : no ''release of azithromycin from the dosage form occurs until 
the dosage form has exited the. stomach and has resided in the small : 
intestine for about 15 minutes or greater, preferably about 30 minutes or 
10 g reater, thus assuring that rjiinimal azithromycin is released in the ' _ 

duodenum. Mixtures of a pH-sensitive polymer with a water-insoluble 
■ poiyhier may also be employed. : Tablets are coated with an amount of 
• polymer comprising from about 1 0% to about 80% of the weight of the 
}. ^ithromycin-cohtaining tablet core. Preferred tablets are coated with ah. 
;. 15 • - amount of polymer comprising about 15% to about 50% of the weight of the 

• , : azithromycin tablet core. ?, 

v pH-sehsitive polymers which are relatively insoluble and 
V;:v impermeable at the pH of the stomach, but which are more soluble and 
r permeabie aith'e pH of the small intestine and colon include i - 
20 • pbiyacrylamides, phthalate derivatives such as acid phthalates of 
5 ^ carbohydrates, amylose acetate phthalate, cellulose acetate phthalate, other 
^ celluiose ester phthalates, cellulose ether phthalates, 
'V ^ Shydro^ropylceilulose phthalate, hydroxypropylethylcelluldse phthalate, 

■ hydroxypropyimethylcellulose phthalate, methylcellulpse phthalate, 

25 polyvinyl acetate phthalate, polyvinyl acetate hydrogen phthalate, sodium 

cellulose acetate phthalate, starch acid phthalate, styrehe-maleic acid 

;: • ^ styrene-maleic acid pblyvinylacetate phthaiate 

? r y cbpplymer, styrene ahd maleic acid copolymers, polyacryiic acid derivatives 

■ ': such as acrylic acid and acrylic ester copolymers, polymethacrylic acid and 

30 ^ esters thereof, poly aco/iic methacrylic acid copolymers, shellac, ahd vinyl 

\ ; .acetate and ct^^ : 
^ ^ include shellac; phthalate . 

• viderivsitivesj particularly ceilulose acetate phthaiate, pblyvinylacetate . 
7r v ^phthaiate, & nd hydroxypropyimethylcellulose phthalate ; polyacryiic acid 

" : 35 ^ derivatives, particularly polymethyi methacrylate biended with acrylic acid 
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and acrylic ester copolymers; and vinyl acetate and crotonic acid 
copolymers. 

Cellulose acetate phthalate (CAP) may be applied to azithromycin 
tablets to provide delayed release of azithromycin until the azithromycin- 
5 containing tablet has passed the sensitive duodenal region, that is to delay 
the release of azithromycin in the gastrointestinal tract until about 15 
minutes, and preferably about 30 minutes, after the azithromycin-coritaining 
tablet has passed from the stomach to the duodenum. . The CAP coating 
solution may also contain one or more plasticizers, such as diethyl- - ; 

10 phthalate, polyethyleneglycol-400, triacetin, triacetin citrate, prbfcylehe ; 
glycol, and others as known in the art. Preferred plasticizers are diethyl 
phthalate and triacetin. The CAP coating formulation may aiso contain one : 
or more emulsifiers, such as polysorbate-80. 

Anionic acrylic copolymers pf methacrylic acid and 

15 methylmethacrylate are also particularly useful coating materials for .■• 
delaying the release of azithromycin from azithromycin-containing tablets 
until the tablets have moved to a position in the small intestine which is 
distal to the duodenum. Copolymers of this type are available from 
RohmPharma Corp, under the tradenames Eudragit-L® and Eudragit-S®. . 

20 Eudragit-L® and Eudragit-S® are anionic copolymers of methacrylic acid 
arid methylmethacrylate. The ratio of free carboxyl groups to the esters is ; 
approximately 1:1 in Eudragit-L® and approximately 1 :2 in Eudragit-S®. ; 
Mixtures of Eudragit-L® and Eudragit-S® may also be used; For coating of 
azithromycin-containing tablets, these acrylic coating polymers must be 

25 dissolved in an organic solvent or mixture of organic solvents. Useful r ; 
solvents for this purpose are acetone, isopropyl alcohol, and methylene 
chloride. It is generally advisable to include 5-20% placticizer in coating . 
formulations of acrylic copolymers. Useful plasticizers are polyethylene ; 
glycols, propylene glycols, diethyl phthalate, dibutyl phthalate, castor oil, 

30 and triacetin. • ^ 

The delay time before release of azithromycin, after the "phi* . 
dependent coated tablet" dosage form has exited the stomach, may be 
. controlled by choice of the relative amounts of Eudragit-L® arid Eudragit-S® 
in the coating, and by choice of the coating thickness. Eiidragit-L® filrins 

35 dissolve above pH 6.0, and Eudragit-S® films dissolve above 7.0, and 

mixtures dissolve at intermediate pH's. Since the pH of the duodenum is ' 
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approximately 6.0 and the pH of the colon is approximately 7.0, coatings 
composed of mixtures of Eudragit-L® and Eudragit-S® provide protection 6f 
the duodenum from azithromycin. If it is desired to delay release of / 
^azithromycin until the azithromycin-cpntaining "pH-dependent coated tablet" 
5 : has reached the c6lbn/Eudragit-S® ,may be used as the coating miaterial, as 

v described by Dew et al (Br. J. Clin. Pharmac. 14 (1982) 405-408), In order 
V,^;-tp" "tie tey the release of azithromycin for about 15 minutes or more, preferably 

• ^30 minutes pr mpre. Wt dosage form has exited the stomach, preferred 
> ' .coatings comprise from about 9:1 to about 1 :9 Eudragit-L®/Eudragit-S®, , 
10 more preferably from about 9:1 to about 1:4 Eudragit-L®/Eudra3it-S®. The 

qbatirig may comprise from about 3% to about 70% of the weight of the 
- . uncoated ..tablet core. Preferably, the coating comprises from about 5% to 
; , about 50% of the weight of the tablet core. 

- in a further enibodiment, a "pH-dependent coated bead", beads ■ 
15 : Xabdut 6.5 to 3.0 mm in diameter) comprising azithromycin plus carrier are 
; : coated with one or more of the aforementioned pH-sensive polymers. The 
. ; boated bead? may be plated iiri a capsule or may be compressed into a 

tablet, with care taken to avoid damaging the polymeric coat on individual • • 
^^•^ , b^ Preferred coated beads are those which 

20 exhibit pub&a^ from the dosage form until 

v the beads have exited the stomach and have resided in the small intestine 

* f lor abpift preferably about 30 minutes or greater, thus 

;as^ is released in the duodenum. Mixtures 

v • of a pH^sehsftive polymer with a water-insoluble polymer are also included. 
25- beads may be coated with 

;:.. , r/"^mWur^s; 6f polymers whose solubilities vary at different pH's. For example, 
V preferred coatings com from about 9:1 to about 1 :9 Eudragit- . 
v :L®/Eudragtt-^ preferably from 9:1 to 1 :4 Eudragit-L®/Eud^giit-S®. 

: : ^6 coaling miay comprise from about 5% to about 200% of the weight of the 
1:30"*^ f bhcoQted '^iad -c6rd.';Preferably, the coating comprises from about 10% to . 

abdiit^ ofthe bfead core, ; ; ; 

{ K ^ small ^ 

^ ; V particles (about 6,01 to 0.5 mm in diameter, V; 

^/^preier^^ O\05ib'O:5 : mm in diameter) are coated with one or more ofthe 
"35 ' ^ The coated particles may be placed 

: ■ ) : ^V;inla capsule or may be compressed into a tablet, with care taken to avoid 
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damaging the polymeric coat on individual parties 
compression. Preferred coated particles are those which exhibit 
substantially no release of azithromycin from the dosage form until the 
particles have exited the stomach and have resided in the small intestine for 
5 about 15 minutes or greater, preferably 30 minutes or greater, thus assuring 
that minimal azithromycin is released in the duodenum. Mixtures of a pH- 
sensitive polymer with a water-insoluble polymer are also included. 
Preferred azithromycin-containing particles are coated with an amount of 
polymer comprising about 25% to about 200% of the weight of the uncoated 

10 azithromycin-containing particle core. 

A further embodiment constitutes a modification of the pH-dependeriit 
coated tablet, pH-dependent coated bead, and pH-dependent coated 
particle embodiments. The azithromycin-containing core tablet, bead, or 
particle is first coated with a barrier coat, and then is coated with the pH-. 

15 dependent coat The function of the barrier coat is to separate azithromycin 
from the pH-dependent coat. Since azithromycin is a base, hydration of the 
azithromycin in the core may serve to raise the pH inlhe microenvironnrient 
of the pH-dependent cbating, thus prematurely initiating the 
permeabilization or dissolution of the pH-dependent coating, resulting in 

2d premature release of some or all of the azithromycin dose in the stomach or 
duodenum. Suitable barrier coatings are composed of water-soluble 
materials such as sugars such as sucrose, or water-soluble polymers such . 
as hydroxypropyl cellulose, hydroxypropyl methylceHulose, and the like. 
Hydroxypropyl cellulose and hydroxypropyimethylcellulose are preferred. . 

25 The barrier coat may cornprise from about 1 % to about 1 5%, preferably from 
about 2% to about 10%, of the weight of the undoated achromycin- 
containing tabfet, bead or particle core. ; ; ; : 

Coating of azithromycin-containing tablets, beads arid particles may be • 
carried out using equipment known in the art. For example, azithromycin- ; 

30 containing tabiet cores may be coated with a pan-coater, such as a Hi- 
Coater (Freurid Corp.), or an Accela-Cota (Manesty Corp., Liverpool). 
Azithromycin-containing beads and particles are preferably coated using a 
fluidized bed coater, such as a Wurster coater, utilizing coating eiquipmerit 
available for example from the Glatt Corporation (Ramsey, N J). Beads may 

35 also be coated using a rotary granulator, such as a CF-granulator available 
from Freund Corp. 
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'\\ V ; v \ In a further fembocliment ("bursting osmotic core device"), azithromycin is ; 

yhcdrpforated in an osmotic bursting device which comprises a tablet core or ; '; 
^ and, optionally, one or more qsmagents. : 

^v^V'/ V;- Devices of this type/hav£ been generally disclosed in Baker, US 3,952,741, ; 
: 5 ; ^ ; .V ; ? 

:"-j;>- r "'"-";-.iir" -;^iioare^ sOcSfi^ias gluooseV-s.ucrose, -mannitol, lactose, and the like; and salts 
"X;:^^ spdium chlbride, plbtassium chloride, sodium carbonate, and the . V- v. ••; 

• : like; water-soluble adds such as tartaric acid, fumaric add, and the like. The t 
C core or bead core is coated with a polymer .'~ 

: .V^V''':lpV.^■w'hIch forms a semipermeable membrane, that is, a membrane which is . T ^ 
'./.I. - ; :p"6r^iB^blo to ^ate.rbut "is substantial^ impermeable azlthrornycin. ; / 

^ - /M/ ^ a semipermeable membrane aire • -v. 

\^ preferably % < 

-■•"cejlluibse acetate. : The semipermeable coating membrane may alternatively ; 
, i|l ^ : 15 ;be ^cbmpbsiid of one or more waxes, such as insect and animal waxes such \ ';./". 
■ ! such as carnauba wax and . 

■ v hyBrog'eh A melt mixture of a polyethylene gVcol f Me:g. t 

Q;: ; i > polyethylpne glyrol-6000, and a hydrogenated oil, e.g., hydrogenated castor < 
'■'U : ^il, : irh^y be used as a coiating, as described for isoniazid te^ by Yoshlnp V 
-^ff ^ 20 ; ■ ^apsxigei Sympbsia Series; Curreht Status on Targeted Drug Delivery to ; . 
-i3 v;i ■ pp 185-190). Preferred semipermeable 

:^ ^V:; V . !; c 

y : * - • v :;":; rdeiriv^ive^ polyacrylates and pplyacrylate esters, and polyvinyl : 

y-/-K^;-} : [ alcohols arid polyaikenes such as ethylene vinyl alcohol copolymer. 

materials are cellulose acetate 
V ; : . :"v ; ; - , ■;. ■ 

:'•> / : :■ Whfen a cxiated tablet or bead of the "bursting osmotic core" embodiment 

i y • ;;; ;;. ^thVpu^the semi^irtneable membrane into the core, dissolving a portion of 
J ^ i: V i;^ :v V^3^ * ^ ih6 ^ilthrbmybin and osmagent, generating a colloidal osmotic pressure 

; ^V\v : c;Ov Which fjesuits iri buretin membrane and release of 

^ ^ ; Jf^ithrp environment. By choice of bead ortablet 

: - • • c^ of osmagent, arid thickness of ; 

:/■ ^ 

J;;;;":,.".;."35 ^cjosage'f^im Intothe/^uiBbue erivlronmefit'bf use and- reieaisiB' of the 
; may be chosen. It will be appreciated by thos 
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skilled in the art that increasing the surface-to-volume ratio of the dosage / 
form, £nd increasing the osmotic activity of the osmagent serve to decrease 
the time lag, whereas increasing the thickness of the coating wHI increase* 
the time lag. Preferred osmotic-bursting devices of this invention are those 
5 which exhibit substantially no release of azithromycin from the dosage form 
. until the dosage form has exited the stomach and has resided in the small 
intestine for about 15 minutes or greater, preferably about 30 minutes or . 
greater, thus assuring that minimal azithromycin js released in the 
duodenum. A bursting osmotic core tablet or bead has a tablet pr beaid core 
10 which may contain from about 25-95% azithromycin, about 0-60% V 

osmagent, as described above, and about 5-20% sther pharmaceutical aids 
such as binders and lubricants. The semipermeable, membrane coating on 
a tablet, preferably a cellulose acetate coating, is present at a weight ( 
corresponding to from about 2% to about 30%, preferably from about 3% to • 
15 !about 10%, of the weight of the tablet core. The semipermeable membrane 
coating on a bead, preferably a cellulose acetate coating, is present at a • 
weight corresponding to from about 2% to about 80%, preferably from 3% to 
30%, of the weight of the bead core. \ 

A bursting osmotic core device possesses no mechanism for "sensing" 
20 that the device has exited the stomach and entered the duodenum. Thus 
devices of this type release azithromycin at a predetermined tinrie after 
entering an aqueous environment, i.e., after being swallowed. In the fasted 
state, indigestible non-disintegrating solids, such as the "bursting osmotic 
core devices" of this invention, are emptied from the stomach during phase 
25 III of the Interdigestive Migrating Myoelectric Complex (IMMC), which occurs 
approximately every 2 hr in the human. Depending oh the stage of the 
IMMC at the time of dosing in the fasted state, a bursting osmotic core device 
may exit the stomach almost immediately after dosing, or as long as 2 hr ..• 
after dosing. In the fed state, indigestible non-disintegrating solids; Which 
30 are <1 1 mm in diameter, will empty slowly from the stomach with i the ; ". 
contents of the meal (Khosia and Davis, Int. J. Pharrhaceut. 62 (1990) R9- 
R11). If the indigestible non-disintegrating solid is greater than abo«A 1 1 mm 
in diameter, i.e., about the size of a typical tablet, it will be retained In the 
stomach for the duration of the digestion of the meal, and will exit into th& 
35 duodenum during phase III of an IMMC, after the entire meal has been : 
digested. and has exited the stomach. It is preferred to delay the release of 
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: , aizithrb my ci a u ritil about 15 min or more, preferably 30 minutes or more, aft i 
. : : the dosage form has exited the stomach. A bursting osmotic core device . 
- which releases azithromycin about 1.5 hr after ingestion will decrease the 
;^.Jn^en&';and severity of gastrointestinal side effects in a population of ' 
5 psitients administered azithromycin in such devices. A preferred bursting 
/;.:. ^Ivcsrriotic core device starts to release azithromycin at about 2.5 hr after 
A_.;; : ^:;_entering.an aqueous environment, i.e., after ingestion, to more reliably 
V- ^assure that the device releases its azithromycin distal to the duodenum, 
^r.-when.'dbsed in the tested state. A more preferred "bursting osmotic core 
10 device* wil! ?tart to i release azithromycin at about 4 hr after entering' an : 

vac^ou hr delay permits dosing in the fed state, and 

■^ ^ allows for an about 3.5 hr retention in the fed stomach, followed by an : 
\ approwm^ety 30 minute delay after the dosage form has exited from the . 
" ^omach.v In this way, the release of azithromycin into the most sensitive 
15 portion of the gastroi ntestinai tract, the duodenum, is minimized. 
3;3--^':':-'' n - a further embodiment, a "bursting coated swelling core", an " 
azithrorhycin-cpntaining tablet or bead is prepared which also comprises 
: 25-70%> of a swellable material, such as a swellable colloid (e.gl, gelatin), as 

• ; v : des^ herein by reference. :. 
^20 preferred swelling core materials are hydrogels, i.e., hydrophilic polymers 

'_3' which ta^ up water and sweil, such as polyethylene oxides, polyacryiic acid 

derivatives such as polymethyl methacrylate, polyacrylamides, polyvinyl 
p alcohol, poly-N-vinyl-2-pyrrolidone, carboxymethylcellulose, starches, and 
\- the; iike. ; Preferred swelling hydrogels for this embocJim are polyethylene 
;25 ;oxides and carboxymethylcellulose. The colloid/hydrogel-containing 
lr . ^azithromyd^^ tablet or bead is coated, at least in part, by a ■ 

semipermeable membrane:!: Examples of polymers which provide a • 
. : : semipermeable membrahe are cellulose acetate and cellulose acetate • 
■\-0.;7'.b'|^iaie^nd ethylcellulose, preferably cellulose acetate, the 
30 : semipermeable coating membrane. may alternatively be composed of one or 
more ^a^iS, such as insect and animal waxes such as beeswax, and 
w^:.'^ge^te;W£«es'such;as carnauba wax and hydrogehated vegetable oils. 
i< ; '-.5X^ll-n^^rB"pf a polyethylene giycoi, e.g., polyethylene glycol-6000, and 
2 . a _ ihydrogeriated oil, e.g.; hydrogenated castor oil, may be used as a coating, 
35 ;as i described ^ by Yoshino (Capsugel Symposia Series; 

Current Status, on' Targeted Drug Delivery to the Gastrointestinal Tract; - : 
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1993; pp.185-190). Preferred semipermeable coating materials are 
cellulose esters and cellulose ethers, polyacrylic acid derivatives such as 
polyacrylates and polyacrylate esters, and polyvinyl alcohols and : 
polyalkenes such as ethylene vinyl alcohol copolymer. Especially preferred 
5 semipermeable coating materials are cellulose acetate and cellulose 
acetate butyrate: 

When a coated tablet or bead having a bursting coated swelling core 
is placed in an aqueous environment of use, water papses through the 
semipermeable membrane into the core, swelling the core and resulting in 

10 bursting of the semipermeable membrane and release of azithromycin into 
the aqueous environment By choice of bead or tablet core size and 
geometry, identity and quantity of swelling agent, iand thibkness of the 
semipermeable membrane, the time lag between placement of the dosage., 
form into the aqueous environment of use and release of the enclosed 

15 azithromycin may be chosen. Preferred bursting coated swelling core 

devices of this invention are those which exhibit substantially no felease of 
azithromycin from the dosage form until the dosage form has exited the 
stomach and has resided in the small intestine for about 15 minutes of 
greater, preferably about 30 minutes or greater, thus assuring that minimal : 

20 azithromycin is released in the duodenum. 

A bursting coated swelling core tablet or bead has a tablet or bead \ 
core which may contain from about 25-75% azithromycin; about 15-60% 
swelling material, e.g., hydrogel; about 0-1 5% optional osmagerrt; and about 
5-20% other pharmaceutical aids such as binders and lubricants. The 

25 semipermeable membrane coating on a tablet, preferably a cellulose 
. acetate coating, is present at a weight corresponding to from about 2% to 
about 30%, preferably from 3% to 1 0%, of the weight of the tablet core. The 
semipermeable membrane coating on a bead, preferably a cellulose 
acetate coating, is present at a weight corresponding to from about 2% to 

30 about 80%, preferably from 3% to 30%, of the weight 6f the bead core. 

A bursting coated swelling core device possesses no mechanism for 
- sensing that the device has exited the stomach and entered the duodenum. 
Thus devices of this type release their azithromycin contents at a 
predetermined time after entering an aqueous environment, i.e., after being 

35 swallowed, as previously discussed for bursting osmotic core devices, arid 



V--" WO95>30ii2- /: : ." '/^P; : - . PCT/IB95/06264" 

■ the sannife^rT^ideratibn and preferences apply to making bursting coated / 
; v ; ^H-sy^ ' 

•> ; i ; :in a further embodiment, a n pH-triggered osmotic bursting device", * - y- 
;\ Tomycin is iriborporated into a device of the type described in allowed 
- ^ US patent 5,358,502, issued October 25, 

; • i 994, jrico^orated herein by reference. The device comprises azithromycin 
. : ;v;r ■ ,yy* :;;ahd optionally one or more bsmagents, surrounded at least in part by a > : 
,: -y /isemipermeable membrane. ^ The semipermeable membrane is permeable 

■y-^'--'-:- ' - --iti- Useful osmagents are i ihe same as those described above for bursting 

f osmptic core d^victes/ Usefu! semipermeable membrane materials are the - 
^ ^ ^ ^ same as those described above for bursting osmotic core devices. A pH- ; 
-8 ; ^ ' A '-trigger m^ to the semipermeable membrane. The pH-trigger 

iS : ; • • ; rrieans i$ activated by : a pH above 5.0, and triggers the sudden delivery of 
* IS ; 15 1 '^he azithromycin. Jn this embbdimient, the pH-trigger means comprises ia 
V ^iff; : : m^ vyhich surrounds the semipermeable coating. 

^ ^ is substantially .-, 

impermfeabie and insoluble in the pri range of the stomach, but becomes 
;v /'. : p_; . -\ ;-;:p'eimeablei and soluble at about the pH of the duodenum, about pH 6.0. : : 
^ :*■* ; ; j" : 2to-f",\ : . , ; t " ^;c"\^lExernpia^y pM^sehsitiye polymers are polyacrylarnides, phthalate 
■ iS- : ^deriyatto amylose acetate '';] : ' ' i. 

^ 0 J ^ phthalate, other cellulose ester phthalates, 

r*,^ 1 -^?'*..; .'; ! . \"^^- : ceH"uloso -'ether phthalates,- 'hydro^prppyioellulose phthalate, 

* 

- ^ acetate phthedale a : ;ix)^r^1'.'V: 

-. Acetate hydrogen phthalate, sodium cellulose acetate phthalate, starch acid 
; :;-""<-V"-"^ aCid dibutyl phthalate copolymer, styrene-maleic 

\:'y^--^r : y'y 'J; ^ copolymers, polyacrylic acid derivatives sufch as acrylic add and acrylic : 
30; - ester copolynte^ acid arid esters thereof, poly acrylic 

; m^ vinyl acetate and crotonic add •'."■* \" / • 

>: f v ^ include shellac: phthalate ; r y'y'^^y' 

.^y'-^ phthalate; polyacrylic add 

\: : >^ : ; ; r y:<Jeriya^ blended with acrylic add ■ 'y 



WO 95/30422 



34 



PCI7IB95/00264 



and acrylic ester copolymers; and vinyl acetate and crotonic acid 
copolymers. As described above cellulose acetate phthalate is available as 
a latex under the tradename Aquateric® (registered trademark of FMC 
Corp.. Philadelphia, PA) , and acrylic copolymers are available under the 
5 tradenames Eudragit-R® and Eudragit-L®. For approriate application in this 
embodiment, these polymers should be plasticized Utilizing plasticizers : 
described above. The pH-trigger coating may also comprise a mixture of 
polymers, for example cellulose acetate and cellulose acetate phthalate. 
Another suitable mixture comprises Eudragit-L® and Eudragit-S®; the ratio 
10 of the two, and the coating thickness, defining the sensitivity of the "triggefV 
i.e., the pH at which the outer pH-trigger coating weakens or disisoives. * 

A pH-triggered osmotic bursting device generally operates as follows. 
After oral ingestion, the pH-trigger coating, which surrounds the semi- 
permeable coating, which in turn surrounds the azithromycin-contairiing 
15 core tablet or bead, remains undissolved and intact in the stomach. In the 
stomach, water may or may not commence penetration through the pH- 
trigger coating and the semipermeable coating, thus starting hydration of thie 
core, which contains azithromycin and optional osmagent. After the device 
has exited the stomach and has entered the small intestine, the pH-trigger 
20 coating rapidly disintegrates and dissolves, and water passes through the 
semipermeable coating, dissolving azithromycin and optional osmagent . . 
within the core. As the colloidal osmotic pressure across the 
semipermeable coating exceeds some threshold value, the semipermeable 
coating fails, and the device bursts, releasing azithromycin. It is preferred 
25 - that this bursting and release of azithromycin occur at about 15 minutes or . 
more, preferably 30 minutes or more, after the pH-triggered osmotic bursting 
device exits the stomach and enters the duodenum, thus minimizing 
exposure of the sensitive duodenum to azithromycin" 
: For a pH-triggered osmotic bursting device, the lag-time or delay-time 
30 is controlled by the choice and amount of osmagent in the core, by the 
choice of semipermeable coating, and by the thickness of the 
semipermeable coating. It will be appreciated by those skilled in the art, for 
example, that a thicker semipermeable coating will result in a longer delay 
after the device has exited the stomach. A preferred pH-triggered osmotic 
35 ' bursting device is a bead or tablet core of azithromycin with optioriial \ 
osmagent, coated with a 3-20% by weight cellulose acetate membran 




WO.95>30422\ :'_'{.: ■HW". '--^W' PCT/IB95/00264 ... 

V:- ; -:;>';^:;A^r : .: : ;i-S ' r 35 ' ' •- ' ..• • '.' 

^•■'cbated-'vWh'ai - 3-20% by weight membrane composed of about 1 :1 cellulos 
•vv:acetate/celiuloW : acefate phthalate. Another preferred pH-triggered osmotic . 

V;-' bursting device is a bead or tablet core of azithromycin with optional 
psmageril, coated with a 3-20% by weight cellulose acetate membrane,.' 

5 , doated with a 3-20% by weight membrane comprising from about 9:1 to 

. ^Advantageously , because a pH-triggered osmotic bursting device ; 
7 1 possesses a mechanism for sensing that the device has exited the stomach, 

; interpatieht variability in gastric emptying is riot significant ••; ?' 
10 ■ : ; : "im a further embodiment "pH-triggered bursting coated swelling 
\i cote", a tablet core or bead containing azithromycin and a swelling material 
is coated with a semipermeable coating Which is further coated with a pHr 
sensitjye'cpating. The core composition, including choice of swelling 
5.: . ^ bursting coated SweHing cone i 

15 Cembpdimeht. . The choice of semipermeable coating material and pH- . 
■ : ' : > '). Sensitive coating material are as described above for the "pH-triggered 
. : : W This device is described in detail in commonly- . 

• v . assigned copending U.S. Patent Application Serial No. 08/023,227, filed : : , 

February 25, i 993, incorporated herein by reference. / - ,' .. 

20 • l: VA pH-triggered bursting swelling core embodiment generally 
^; operates as fpijows. After oral ingestion, the pH-trigger coating, which 
,'• - ^urWnds the semi-perme^Ie coating; which in turn surrounds the 
: . razithror^^ cprP tablet Pr bead, remains undissolved and intact 

: . in the stomach. ; In the stomach, water may or may not commence 
rsy-^^ehwrajUfen thrbugh the . pH r trigger coating and the semipermeable coating, 
• - thus starting hydration of the core, which contains azithromycin and water- 
- p sweiiable^ a hydrogei. When the pH-triggered bursting 

• V; ^ felling core device exits the stomach and enters the small intestine; the \ 
.Y ' ' ; pH-tri and dissolves, and water passes . 

•30 through the semipermeable coating, dissolving azithromycin and swelling 
^ : •. ■ the vya^ the core. As the swelling pressure across 

'.' vthe ^ * ne 
: r; '.^i ^rniperrh^$bie^p^irig fails, and the device bursts, releasing toithromycin. 



35 miriutes/br ^ more, preferabiy aboiit 30 minutes, after the pH-triggered 
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bursting swelling core device exits the stomach and enters the duodenum, 
thus minimizing exposure of the sensitive duodenum to azithromycin. 

For the "pH-triggered bursting swelling core" device, the lag-time or ; 
delay-time can be controlled by the choice and amount of swelling material 
5 in the core, by the choice of semipermeable coating, and by the thickness of £ 
the semipermeable coating. It will be appreciated by those. skilled In the art, 
for example, that a thicker semipermeable coating will result in a longer . 
delay after the device has exited the stomach. A preferred pH-triggered 
bursting swelling core device contains a bead or tablet core of azithromycin 
10 with synthetic hydrogel, preferably carboxymethylcellulose, coated with a 3-. 
20% by weight cellulose acetate membrane, coated with a 3-20% by weight : : 
'. membrane composed of about 1 1:1. cellulose acetate/cellulose acetate 
phthalate. Another preferred pH-triggered bursting swelling core device . 
contains a bead or tablet core of azithromycin with synthetic hydrogel, 
15 preferably carboxymethylcellulose, coated with a 3-20% by weight cellulose 
acetate membrane, coated with a 3-20% by weight membrane composed of 
from about 9:1 to about 1 :1 Eudragit-L®/Eudragit-S®. 

Advantageously, because the a pH-triggered bursting swelling core 
device possesses a mechanism for sensing that the device has exitecLthe 
20 stomach, interpatient variability in gastric emptying is not significant. .. 

In a further embodiment, an "enzyme-triggered supported liquid . 
membrane device" comprises azithromycin formulated in a dosage form of ;.• 
the type described in International Application PCT / US93/07463, published 
as WO 94/1 21 59 on June 9, 1 994, herein incorporated by reference. This . 
25 embodiment generally has the form of a tablet or bead containing -\ 

azithromycin and excipients, a microporous hydrophobic support membrane 
that at least partially surrounds the beneficial agent, and a hydrophobic : 
liquid entrained within the pores of the support membrane. Alternatively, the 
azithromycin and excipients may be incorporated into a capsule shell which 
30 comprises a microporous hydrophobic membrane with a hydrophobic liquid 
entrained within the pores of the capsule shell. The hydrophobic liquid is 
substantially impermeable to both the aqueous environment and the 
azithromycin tablet or bead core formulation. The hydrophobic liquid is 
capable of change such that it becomes substantially permeable to the 
35 aqueous environment or azithromycin formulation. After ingestion of tWs 
embodiment by a mammal, including a human, azithromycin release into the 
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gastrbihtestinal.syistem is delayed until abbut 15 minutes or more, preferably ; 

■ about 30 minutes, after the dosage form has exited the stomach and moved 

^ into the duodenum.- ■. '..} 

\ rCln an ^ithrpmycin enzyme^riggered supported liquid membrane 
5 - device, the ^ hydrophobic liquid is preferably a iiquid which 

. ; ; undergoes change which is enzymatically catalyzed in the lumen of the 

;<gmail intesline, and not in the stomach. Exemplary hydrophobic liquids are 
' ^itngiycerides, fatty anhydride fatty acid esters of cholesterol, hydrophobic 
amino acid eslers, arid the like. Preferred triglycerides include triolein, . 
10 tiicaprylin, trilaurin, olive oil, palm oil, coconut oil, sesame seed ^il, cbrh oil, , 
^ ^V^e^nut oil, soybean bii- and the like. Preferred fatty acid anhydrides include 

■ ; caprylic anhydride, lauric anhydride, myristic anhydride and the like. ; 

■ ^ hyd rpphobic liquids may be used. Exemplary materials for the 

i: ; micrppp include cellulose esters, . 

15 polycarbonates, pp^ esters, polysiloxanes, 

; polyacrylatbs, and po^ Preferably the hydrophobic microporous 
P ntembrarie with entrained hydrophobic liquid is impermeable to 
S ;^rthrbmydhV until gastrointestinal enzymes have catalyzed a change in tire 
. hydrophobic oil, as described below. 

20 P ; Y; In the environment of use, i.e., the small intestinal lumen, lipases and 

- esterases degrade the aforementioned hydrophobic oils, releasing • 
> ' surfactant products in the pores of the microporous membrane of this ..' , . 

embodiment, thus producing aqueous channels through which the 
'PP. ^ azrthVomycin In the device ( core may exit through the microporous 
25; ; hydrophobic support membrane. Release of the azithromycin may occur by 
• simple d^ bursting, or by bursting due to 

V./the presencb of a sweilable material, e.g.i hydrogel, in the azithromyciri- 

^'■V;;icbhtaini^ : 

:i jn an azithrbrtiycin enzyme-triggered supported iiquid membrane 
• 30^ device, hydrophobic oils may be used which are substrates for small 

^intei^nal protealseYsuch as ca^ and chymbtiypsin.. 

; ^ >E^ esters of amino acid derivatives: ' 

f • ; ;: r a "bacterially degradable coating device", 

: ^ ^ ^hromydn^ontaihing tablets or beads are coated with a material which is 
; ^ substantiajiy impeitneable to azithromycin in the stomach and small 

ihtestiriei the coa^ by bacteria or by 
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bacterially-released enzymes (e.g., azo reductases) in the colon, thus 
releasing azithromycin. Upon degradation of the coating material in the 
colon, azithromycin is released. Embodiments of this design minimize 
exposure of the sensitive upper (duodenal) region of the small intestine to 
5 azithromycin. Examples of coating materials of this embodiment are 
polymers from ethylenically unsaturated monomers, crosslinked by a 
substituted or unsubstituted divinylazobenzene, as described in US Patents 
4,663,308 and 5,032,572, each herein incorporated by reference. Other " : • 
examples of coating materials of this embodiment are degradable '• 
10 polysaccharides such as pectin and aiginin, and rhixtures of these " 
degradable polysaccharides with film-forming polymers such as 
ethylcellulose, methylcellulose, hydroxypropylmethylcellulose, and the like. 
Polysaccharide coatings of this type have been disclosed in Depascali et al, 
EP-485840; in Roehr and Steinicke, DD-296840; and in Ashford and Fell; 
15 Capsugel Symposia Series; Current Status on Targeted Drug Delivery to 
the Gastrointestinal Tract; 1993; pp. 133-142. 

Examples of a bacterially degradable coating device include a bead 
or tablet core which contain about 25-90% azithromycin with additional 
tabletting aids such as binders and lubricants, coated with an azo-polyrher 
20 or polysaccharide membrane whose weight corresponds to from about 5- \; 
80%, preferably 1 0-50% of the weight of the tablet or bead core. 

In a further embodiment, a "swelling plug device"* azithromycin and 
appropriate excipierits and carriers are incorporated into a non-dissolving 
capsule-half which is sealed at one end by a hydrogel plug. This hydrogel 
25 plug swells in an aqueous environment, arid, after swelling for a ; 

predetermined time, exits the capsule thus opening a port through which the 
azithromycin can leave the capsule and be delivered to the aqueous 
: environment. Preferred hydrogel-plugged capsules are those which exhibit 
substantially no release of azithromycin from the dosage form until the 
30 dosage form has exited the stomach and has resided in the small intestine 
for about 1 5 minutes or greater, preferably about 30 minutes or greater, thus, 
assuring that minimal azithromycin is released in the duodenum. HydrbgeJ- 
plugged capsules of this type have been described in patent application 
WO-90/1 91 68, which is incorporated herein by reference. Ah azhhrbmycin 
35 swelling plug device may be prepared by loading azithromycin into a non- . 
dissolving half-capsule shell which may be formed from a wide variety of 
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. ; : ; rnatdrials; ihcludiiig but not limited to polyethylene, polypropylene. : 

{v: p^ 

v polytetrafiuoroethylene, nylons, polyformaldehydes, poly sters, cellulos 
acetate, and nitrocellulose. The open end of the capsule shell is then . 
- -piugged" with a cylindrical plug formed from a hydrogel-forming material, 
i; including but not limited to, a homo- or co-poly(alkylene oxide) crosslinked 

by reaction with isocyariate or unsaturated cyclic ether groups, as described 
; v in pCT Ap^ the composition arid length of the 

S hydrogel *plug" \k selected to minimize release of azithromycin to the. 
10 h stbmach arid duodenum; to decrease the incidence and/or severity' of 
J gastrointestinal side effects. The piugged capsule-half is finally seaied with 
■ .-a; watef-sdlubld, e.g., gelatin, capsule-half placed over the hydrogej-plugged 
c end of the azithromycin-containing non-dissolving capsule-half. In a , 
C .f preferred embodiment of the "swelling plug device", the sealed device is 
15 coated i wrt h a "pH-sensitive enteric polymer of polymer mixture", for example 
8 i: ; cellulose acetate phthalate or copolymers of methacryfic acid and : 

riiethyimethaciy late The weight of the enteric polymer coat Will generally be 
W%£Uiam 2-2.6%, preferably from 4-15% of the weight of the uncoated sealed 
: ^ When this preferred "enteric-coated swelling plug device" is. : 
20 ,'* ingested orally, the enteric coat prevents release of azithromycin in the 
':}/ stomach^ The enteric coat dissolves quickly, e.g.; within about i 5 minutes, 

in the ^ of tne 

hydrogel plug, and reiease of the incorporated azithromycin into the 
r\C g^sirointestiniartract at a time greater than about 15 minutes after, and 
25 ' : i preferably greater than about 30 minutes after, the dosage form has passed 
: - Jf rom' the Stomach into the duodenurn. Prototype unfilled "swelling plug 
;• .^ devices" may be obtained from Scherer DDS Limited, Clydebank, Scotland, 

:30 ft will be appreciated by those skilled in the art that the various coated 

? ^-Bk^n^^ieiM, bead, and particle embodiments described above can 
;C';V'jbt cpateid Using standard coating equipment, such as pan coaters (e.g., Hl- 
Mpqater available; frp^ 
; ; ; : LW^rpo^^ 

:r3J5 Co^ Columbia, Mb); and rotary 

.;• grartulatbrsri.g^ from Freund Corp). Qofe tablets 
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are made on standard tablet presses, such as a Killian press. Azithromycin 
containing beads and particles are made in fjuidized bed granulators, rotary 
granulators, and extruder/spheronizers. 

Delayed release embodiments of the invention are solid : 
5 dosage forms for oral administration comprising azithromycin and a 

pharmaceutical^ acceptable carrier, which release hot more than 10% of . 
their incorporated azithromycin into a mammal's stomach, and which, 
release not more than an additional 1 0% during the first 15 minutesi after- 
entering said mammal's duodenum. The timing of release of azithromycin in 
10 the stomach or duodenum may be tested utilizing a variety of approaches : 
including, but not limited to, x-ray evaluation, nuclear magnetic resonance 
imaging, gamma scintigraphy, or direct sampling of the gastric and > 
V duodenal contents via intubation. These tests, while possible/ can be very 

difficult to carry out in humans. A more convenient test for a delayed release 
15 embodiment of the current invention is a two stage in vitro dissolution test, 
which incorporates a 1 5 minute; test of azithromycin release in a simulated 
gastric fluid, and a 15 minute test of azithromycin release in a simulated 
intestinal fluid. This two stage in vitro test for a delayed release dosage form . 
is described in more detail below. For certain delayed release = . 
20 embodiments described in this disclosure, release of azithromycin is 
"triggered" fay the presence of pancreatic lipase in the duodenum. For iri 
vitro evaluation of lipase-triggered delayed release dosage forms, 5 rrig/ml 
porcine pancreatic lipase (Sigma Chem., St. Louis, MO) is included in the 
dissolution medium for the second stage of the dissolution test. : 
25 / The invention will now be illustrated by the following examples which 
are not to be taken as limiting. In general, the examples demonstrate the 
incidence of gastrointestinal side-effects upon oral, IV, duodenal, and IjeeUf 
cecal dosing of azithromycin and the preparation of controlled-r^lease 
dosage forms of azithromycin within the scope of this invention. 

30 • v.-... ; : ....*. ; . ; . /. : y\: y • \: :; - 

In the examples which follow, the following definitions and tests have 
been employed: . " 

1. "Q n is used to designate a quantity of azithromycin either in mg or 
in percent (%), as indicated. The Q is associated with a time or "pull poinr at 
35 which an indicated aliquot of solution was removed for assay of ■ 

azithromycin, the time of removal or pull point being indicated in hours as a 
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• subscript Thus, a "Qrj^s" of 15 mg means that 15 mg of azithromycin was^ 
/ dissolved i^ : - v f; .';'.'■- 

;v" ''2. Specification of a quantity in percent (%) means percent by weight 
r :. based on total weight, unless btherw^ 

5 " • • 3. "Eudragit® " is the registered trademark of Rohm Pharma GmbHi 
y Gerniany for -a family of enteric polymeric methacryiates. v .- ' ' . ' 
■^yy-yy . 4^"5padry® " is the registered trademark of ColOrcon inc., West Point, 
^PA : : for a family of piasticized cellulose ethers which include hydroxy propyl : 
. rheth methylcelluldse that are 

ip : supplied as ppwdere for reconstitution in water. :*■'•*..'.'" • ' "- 

' 5.-; *Surelease® " is the registered trademark of Colorcdn Inc., West 
: " Point, PA for an aqueous, fuiry piasticized polymeric dispersion of 

;^ ' ^hyfcelluiose. t r ';: • : ; ". '•• '.•■'•• 

' 6. : w mgA" is an abbreviation for "milligrams of active azrthromyciri"!. For 
15 example, *250 mg A" means 250 ring of active azithromycin". V 

' 7 1 "X rrig A of multiparticulate" (where X is a number) means the'.', 
y : amount of multiparticulate containing X mgA. For example, "250 mgA of . 
■ .i multiparticulate" means the weight of multiparticulate containing 250 mgA. j 
lp„ ^mgAm")s\'arr'abbrevlaiHon for-"mgA t>f -multipardcu'la^»": . ''.-.' 
20 '"y':''y '■■ *•:.;:&. "Use environment" means the aqueous environment Of the " 
"'tr^'-d^tolriie'stinal tract ' : ; v " \ .-.':;■ \" '-V"'-.'-' 

; 10. In Vitro Dissolution Tests The following two in vitro tests can 
V- : 'V:be:.used'tb screen sustained release and delayed release embodiments of 
: : ithis iiiventfori lor' in vivo suitability. If a particular dosage form satisfies the 
25 priteria disclosed below for either test, it is within the scope of the invention; 
: 'h Sustained Release Dosage Test: Sustained release dosage ;, 
forms of azithromycin are tested in a standard USP rotating paddle 
■ V apparatus as disclosed in United States Pharmacopoeia XXIII (USP) 
^ T ; Di^lutioriTesi Chapter 71 i, Apparatus 2. Paddles are rotated at 50 rpin \ . 
30 \;arid thadissplutiofi test is conducted in, as the test medium, 900 mL of pH , 
-yy'sjO sodium dihydrogeri phosphate buffer at 37°C. |f capsules are used, then ' 
/ > f i0.1 rrig/mL of t'hfe enzyme trypsin must be added to the buffer. At indicated ,' 
'v^V^rte's'^liov^'ng test initiation (i.e., insertion of the dosage form into the 
^^>|3«^iU6), : ^ile.racl 'aRqupts' (typically 5 or 10 mL) from the test medium are 
. ; 35 ! : by high performance liquid chromatography ' ; 

^ ^ Dissolution results are reported as. mg 
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azithromycin dissolved versus time. Sustained release dosage forms that, 
meet the following criteria are within the scope of the invention: (1) Qo;25 ^ 
200 mg azithromycin dissolved; (2) Qi < 500 mg azithromycin dissolved; (3) 
Q 2 ^ 1000 mg azithromycin dissolved; (4) Q 4 £ 1 .500 mg azithromycin , 

5 dissolved; and (5) Qs ^ 2000 mg azithromycin dissolved, where Q is as 
: defined above. . : . ; ; : '. 

Delayed Release Dosage Test: Delayed release dosage fornis 
of azithromycin are also tested in a standard USP rotating paddle apparatus 
as specified above. The test is modified from, that given above. Paddles are . 

10 rotated at 50 rpm and dissolution is conducted in two stages at 37°C. A first 
acid stage is implemented by inserting a delayed release dosage form into 
750 ml_ of 0.1N HCI acid media. At 15 minutes, a filtered aliquot of test acid 
media is analyzed for azithromycin content by HPLC. A second stage is 
: implemented immediately following the first stage by adding 250 mL of 0.2M 

15 tribasic sodium phosphate buffer, thereby converting Tthe acid media from 
the first stage to a buffer having a pH of about 6.8. If the measured pH is 
plus or minus more than 0.05 pH units from 6.8, it should be suitably • 
adjusted by adding alkali metal hydroxide or hydrochloric acid (each . S 
typically 2N), as appropriate. At 15 minutes after addition of phosphate 

20 buffer, a second filtered aliquot of test medium is analyzed for azithrornycin 
content by HPLC. Dissolution results are reported as % azithromycin 
dissolved versus time. Delayed release dosage forms that meet the , 
following criteria are within the scope of the invention: (1) Qp.25 < 10 % : 
azithromycin dissolved; and (2) Qo.5 < Qo.25 + 10% azithromycin dissolved. 

25 The test is reliable for dosage forms containing up to 7,000 mgA. 

The criteria in each test are also referred to In the Examples as 

"dissolution criteria". . " V 

VL HPLC Quantification: When conducting either of the in vitro 
dissolution tests described above, azithromycin is quantified by reverse- 

30 phase high performance liquid chromatography and electrochemical: :.. 
detection as follows. An aliquot of test solution is filtered to ; remove 
particulates and diluted to a target concentration of approximately 3 ng/mL 
A fixed volume of .50 nL is injected onto a pre-column (5 cm x.4.6 rnm 
diameter) with a 5 micron spherical alumina (80 A diameter pores) based 

35 hydrocarbohaceous stationary phase (Gamma RP-1-. ES Industries, Berfiri., 
NJ). The pre-column is followed by a 15 cm x 4.6 mm diameter column 
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10 ^ rat|o y relative to diphenhydramine internal 

Xp.e ^ azl.hromyc.n/desosaminy l8 zl.hromyan standard ; v.^ ^ 
20 ch^ogram^ ^ ^ ^ ^ ^ ^ ft ^ „„, detennined . 

• BamB ^i L s example demonstrates that a 2 0 oral dose o. azHhromydn gh,es 
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withdrawn prior to dosing, and at 0.5, 1 , 1 .5, 2, 2.5. 3, 3.5. 4, 6. 8. 12. 1 6, 24. 
48 72, 96, 144. 192. and 240 hr post-dosing. Serum azithromycin - 
concentrations were determined using the high performance liquid 
chromatography assay described in Shepard et al., J. Chromatography, 

5 565- 321-337" "(1991). Total systemic exposure to azithromycin was 
determined by measuring the area under the serum azithromycin 
concentration vs. time curve (AUC) for each subject in a given group, and 
then by calculating a mean AUG for the group. Cmax is the highest serurn 
azithromycin concentration achieved in a subject. Tmax is the time at which 

10 Cmax is achieved. Serum pharmacokinetic data for this example are 

presented in Table I. '■_„■'. 

Prior to dosing and each blood sampling time, each subject filled out 

a questionnaire, which consisted of a series of "Visual Analogue Scales" in . • 
which the subject was required to rate, on a scale of 0-10. the seventy of . . 
15 certain potential side effects. The subjects were instructed that "0" indicated 
an absent effect and "10" indicated the worst possible effect. The subjects 
were instructed to interpolate between 0 and 10 for moderate side effects. 
A total of 45 subjects completed this study : 16 on placebo, 1 5 on 2 g 

single dose, and 14 on 250 mg dose every half-hour for 3.5 hours. For four 
20 side effects evaluated at 20 time points, a total of 3600 individual visual. 

analogue-scale evaluations were obtained. ^ V .. 

Analysis of side effect visuai-analogue-scale data was carried out in 

twoformats. In the first format (Table II). the analysis concentrated onthe 

general incidence of side effects of a particular type. For each side effect 
25 type (e.g., abdominal pain), Table II reports the number of subjects wha 

reported a score >1 at any time during the 240 hr post-dosing, and the 
number of subjects who reported a score >4 at any time during the 240 hr 
post-dosing. This analysis assumes that all scores >1 represent a real side^ 
effect occurrence, however mild or severe. A score >4 is presumed to reflect 
30 a moderate-to-severe side effect occurrence. 

In the second format (Table III), the analysis reflects the general 
severity and duration of side effects. For a particular side effect (e:g., 
Abdominal Pain) in a particular subject, all visual-analogue-scale scores 
. (over the 240 hr post-dose period) were summed to give a "cumulative 
35 score" over the entire time period of evaluation. "Cumulative scores" for all 
members of a treatment group were summed, and divided by the number of 
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suNeS/in^ gfoup,to giVeaMean Cumulative Sc^re Tlie scale otth.s 
Mean Cumulative Score does not correspond to the onginal 0-10 scale, 
sinfce it reflects ^ the summatibn of all hon-zerb scores over the entire 
Evaluation period,: Table III presents Mean Cumulative Scores for • ; 
Abdominal pain, nausea; ^regurgitation, and abdominal cramping. • ■ 

Table I demonstrates that the total systemic azithromycin exposure of 
^two dosing groups, reflected in the AUC. was similar. For the divided ^ 
dosing &bup, Cmax was lower and Tmax was longer, as expected because 
the dosing tbok place W 

;^ • tai)|e ,| demonstrates that abdominal pain, nausea, and abdominal 
tramping vvire frequent side effects for a 2 g bolus dose, while regurgitation 
^as hbt Divided dbsihg over 3.5 hr gave a similar side effert incident : : 
"profile Table III demonstrates that the overall severity of azithromycin- 
^liduced side effects wa^ similar forthe bolus-dosing and divided dosing . ^ 

treatments. a = "«- . * u «* " 

v ; The data presented in Table II and Table III demonstrate that ... 
■^Svemig a 2 g dose at V rate of 500 mg/hr does not result in a greatly • 
y^StiJ^^ incidence, compared with a single 2 g bolus dose. The, 
- m&er in^ dose was administered in this example ^ < 

v resulted in exposure of the upper gastrointestinal tract, 1-e., the stomach and 
. duodenum, to the e^^ 



Azithromycin Pharmacokinetics For A 



* 2 „ Dose given as S'K - asi^^O mg doses eve-y Half- Hour 



- for 3.5 Hours (mean values). 
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hr 



1.13 



4.4 



AUCrj-144 
i-hr/m j 
18.8 



WO 95/30422 



CT/IB95/00264 



46 



labjejl. • ■ ':. 

Incidence of Visual-Analogue-Scale scores exceeding 1 or 4 a I anytime 
Eno the 240 hour post-dose evaluation period, for the s.de effects 
«Som nal pain, nausea, regurgitation, and abdominal cramping. : 
Clares ? g bolus dose vl. eight 250 mg capsules dosed every ;■ 
half-hr for 3.5 hr. 
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Table III . - MEAN CUMULATIVE SCORE ^ : 

Mean Cumulative Visual Analogue Scale Data for the Side Effects : . . : ~ 
Abdominal Pain, Nausea. Regurgitation, and Abdominal Cramping, over the 
entire 240 hour post-dose evaluation period. See text for explanation of ■ 
"mean cumulative score". 




number of subjects averaged 



20 &ampJ^ demonstrates that dosing of 2 g azithromycin directly to 

the human duodenum results in a higher incidence and severity of : . : 
Gastrointestinal side effects than observed when azithromycin (2 g) is dosed 
directly to the ileocecal region of the small intestine. This example supports 
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the inclusion that the incidence and severity of azithromycin l/^^'^j/:, 
gastToLstina, side e«ec,s can be reduced by decreasing the ensure o. ; 
ihe duodenum to orally dosed azithromycin. Th,s example also : 
H»mnnstrates that direct delivery of azithromycin to the duodenum or the : 
S ^ the small interne does no. result in any loss o, systemic 

bioavailability, relative to oral dosing. „,. m „ . . 

, i : ! Healthy male subjects were divided into two groups. Group A , , . ; 
deceived a2g azithromycin dose administered directly into the duodenum , ; 
as a solution via a nasoenteric tube. Group B received the same ; 
^^ycm solution dose, administered direct* into the ilepceca^n of 
tne small intestine via a nasoenteric tube. The nasoentenc tube was a 

' of the tube for duodenal and ileocecal delivery was confirmed by : : 

fluoroscopy, infusions to the duodenum or ileocecal region were , 
k adlist^ed ata concentration of 40 rrig/m. wKhin 5 ^ 
were dosed after an overnight fast. Subjects were randomized to recerve 
^hromvcin and placebo via nasoenteric tube and imravenous infus-on ,n a 
SST^bo controlled fashion. Two wee* .*er. subjects were „- 
, % : crossed over to the alternate route of active drug admrnrstrauon. . 
a, Blood samples were withdrawn prior to dosing, and at 0.08, 0.17, 0,33. 
" 0 66 72 4 8 12,24.48, 72. and 96 hr post-dosing. Senjm azithromycin , 
M L^lmratlo'ns were determined using the high performance liquid ••• ; 
ch— raphy assay described in Shep.de, a,.. 

565:321-337(1991), Total systemic exposure to 
, S determined by measuring the area under the serum achromycin 
^ c^cTnUa.lon'vsrtimeoU^etAUC) for each subject ina 
; ; then by calculating a mean AUC for the group. Cmax is the highest serum _ 
azlthl^n concentration achieved in a subject. Tmax Is the time a. which 
* : ^a> S achieved. Serum pharmacokinetic dam tor this examp e are , 
^^ntable IV In one leg of this study, all subjects received an ■ ; 

, , WoTto ca.cu.ate the absolute duodena, and ileocecal bioavailabiimes. 

I. / a ^Sc2n fl and each blood sampling time, each ^*ct JU^u, 
U^cuesiohnaire, which consisted o. a series of "Vfcua. Analogue Scales ,n 




y 3 



^»CT/IB95/00264 
WO 95/30422 

.48 

■ ^ certain potential side effects. The subjects wore instructed that * indicated 
^sent effect and "10" indicated the worst possible eflect. T!».«*g.. ; 
were instructed to interpolate between 0 and 10 tor moderate s,de effects. _ 
A total ot 11 subjects completed this study: 5 on duodenal dosrng and 
5 6 on ileocecal dosing. For tour side effects evaluated at 14 time ppmt? a 
total ot 616 individual visual-ahalogue-scale evaluations were obtained _p_ 
Analysis of side eflect visual-analogue-scale data was earned ouj in 
: ^formats. In the first format (Table V). the analysis concern^ orvtj^: , 
oeneral incidence of side effects of a particuter type. For each s,de effect 

io If fr*- abdomlnal P aln)l Tab,e v r9ports ,he number p< sub)e ^ h0 y-i:: 

reported a score >1 atany time during the 96 hr post-dos,ng, and the ^ 
. number o. subjects who reported a score >4 at any trme dunng the 96 hr ^ , 
post-dosing. This analysis assumes that all scores >1 represent a real side . 
eflect occurrence, however mild or severe : A score >4 is presumed to reflect 

is a moderate-to-severe side effect occurrence. : ' 

in the second format (Table VI), the analysis reflects the general 

severity and duration of side effects. For a particular side effect (e.g.. . 
Abdominal Pain) in a particular subject, all visual-analogue-scale ^oores . 
J toverthe 96 hr post-dose period) were summed to give a •curnulat.ye score 
20 over the entire time period of evaluation. -Cumulative scores for all , ^ 
Members of a treatment group were summed, and divided by the number of v 
subjects in the group, to give a Mean Cumulate Score. The , : 

Mean Cumulative Score does not correspond to the ongmal 0-10 scale. ;; . ; 
since it reflects the summation of all non-zero scores over the enure 
25 evaluation period. Table VI presents Mean Cumulative Scores for 

abdominal pain, nausea, regurgitation, and abdominal cramping. ; 
Table IV demonstrates that the absorption of a duodenally 

: : 'administered solution dose ot azithromycin is fast, as "f^^***"*:: 
Tmax of 0.3 hr. and a high Cmax. Ileocecal dosing resuHed in slower 

Ibs^ption. with a measured Tma*.(1.39 nr> which * 
observed for oral capsule dosing in Example 1 (1.3 nr. Table I .The overall 
systemic exposure to drug (AUC) was 15% lower tor iieoceca I dos,^ _ ^ 
compared with duodenal dosing. When compared to .ntravenoys a-ps,ng .n 
the same subjects, the bioavailability for duodenal dosing ^ an l 
the bioavailability for ileocecal dosing was 3*1%; where bioa^ab My. 
e.g., duodenal bioavailability, is defined as AUC du odenal'AUO|V x luu. 
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: Jhe ^ bibaVail^ility bf the duodenal^rthrbmycin solution was slightly larger 
than ihe oral bibavailability of. an azithromycin capsule, Which is typically 
^bout The bioavailability of the ileocecal azithromycin solution was , 
similar to that of an orally dosed capsule. ; . ;.;../ ./> :] 

> Tabled (same format as Table II) demonstrates that the incidence of 

^strbto^ 

" ileocecal dosing: Table VI demonstrates that the overall seventy of. 
i-g^stroirrtestirial side effects was higher for duodenal dosing than for ■■, 
^ileocecai dosing. ; ; ; - '' • . .. . ; "•' • \. . 

.\:;j ; V' ••• V-"/'. Tabie iv . '•• .' 

AziihroVhycin Pharmacokinetics for a 2 g Solution Dose admimstered to the 
duodenal) or ileocecal (n=6) region of the small intestine via . 

- ^ ■ .A AM *A 4iiKA /moan Y/ntllOcV 



15 



TFHEATMhNI 
Duodenal. 


Cmax 

(ng/ml) 

3.24 


Tmax 
(hr) 

0.3 


AUCo-96 
(uo/hr/ml) 
17.0 


Ileocecal 


0.77 


1.39 


14.5 



rTT-- : \ Table V. .' ' "v-'-.i"--. 



■ and i 



25 





ABDOMINAL 
V PAIN 


NAUSEA 


REGURG 


ilTATlON 


ABDO 
CRAN 


MINAL 

/IPING 


• <' ... •' ' ' '• ■ 

TREATMENT 


: > 1 


>4 • 


>1 


>4 


>1 


>4 


" >1 .-• 


.. >4 


Duodenal 


4/5 


0/5 


2/5 


1/5 


3/5 


0/5 


5/5 


0/5 


Ileocecal. 


.2/6 


0/6 


2/6 


0/6 


0/6 


0/6 


2/6 


0/6 
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Table VI . MEAN CUMULATIVE SCORE - . 
Meon n, mutative Visual Analogue Scale Data for the Side Effects 
^iSSMfTN^^a^Smftallon. and Abdominal Cramping, over the 
en£e 96^ou?post ^dose evaluatfon period. See te)rt for explanation of _ 
Can cumulate score". Dosing of a 2 g ^azithromyc,^ « sokifon was d.rectly 
into the duodenal or ileocecal regions of the small intestine. 



TREATMENT 


n* 


Abdominal 
Pain 


Nausea 


Regurgi- 
tation • 


Abdominal 
Crampirig 


Duodenal 


5 


13.4 


11.6 


7.2 


13.2 


Ileocecal 


6 


2.7 


2.0 


0 


3.3 . • 



* number of subjects averaged 



10 



15 



20 



25 
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Fvampie 3 . •. •• .' ' " j/ V 

This example demonstrates that, when azithromycin is dosed 
Intravenously, the incidence and severity of gastrointestinal side effects is -.- 
low compared with the incidence and severity of gastrointestinal -side ; 
effects resulting from oral dosing at an equivalent dose. These observations 
support the conclusion that the gastrointestinal side effects of orally dosed 
azithromycin are locally mediated in the gastrointestinal tract by direct ; 
contact between the orally dosed drug and the intestinal wall, and do not 
result primarily from effects related to the presence of azithromycin m the , 
systemic circulation. • '• 

Healthy male subjects were divided into four groups. Group A 

received a 2 hr intravenous infusion of a placebo solution (0 g azithromycin). 

Group B received a 2 hr intravenous infusion of a 1 g dose of achromycin. 

Group C received a 2 hr intravenous infusion of a 2 g dose of achromycin. 

Group D received a 2 hr intravenous infusion of a 4 g dose of azithromycin. 

Based on an oral bioavailability of 37%, these intravenous doses of 0, 1. 2. 

and 4 g are equivalent to oral doses of 0, 2.7, 5.4, and 10.8 g, respectively. • 

All subjects were dosed after an overnight fast. 

Blood samples were withdrawn prior to dosing, arid at 0.25. Q.5. 0,75. 1 . 
1 5 2 4 8 12, 18. 24, 72, 96. 144, 192, and 240 hr post-dosing. Serum \ ; 
azithromycin concentrations were determined using the high performance 
liquid chromatography assay described in Shepard et al., 
J. Chromatography. 565: 321-337 (1991). total systemic exposure to 



: ^it hr brTtycih was determined by measuring the area under the serum ; , 
: / V5. time curve (AUC) for each subject in a given 

^ f a mean AUC for the group. Cmax is the • 

• / highest serum azithromycin concentration achieved in a subject. Tmax is 
5 ' the time atwhlch Grnax i^ 

- example are presented in Tabie VII. ■ •■ : .. - . ^ - . ^ .-o , 

• - pridr to posing and each blood sampling time, each subject filled out 
v ; ^^tibhhairW which consisted of a series of "visual Analogue Scales" in • 
W hich the subjed was required to rate, on a scale of 0-10, the seventy of ; . 
10 - -certain potential ^side effects. The subjects were instructed that "0" rndicated 
siri absent effect and "10" indicated the worst possible effect. The subjects 
were instructed to interpolate between 0 and 10 for moderate side effects^ •■ 
£v .: '< a total of 22 subjects completed this study: 5 on placebo, 6 at i g 
• i azithromycin total dose, 6 at 2 g azithromycin total dose, and 5 at 4 g 
15 azithromycin total dose. For four side effects evaluated at 1 8 time points, a 
;yH ; tota i of 1 ,584 individual visual-analogue-scale evaluations were obtained, 
.: ; vVv;-:> - Analysis of side effect visual-analogue-scale data was carried out in 

^twofo^ 

^ general incidence of side effects of a particular type. For each side effect 
20 ' type (e g., abdominal pain). Table VIII reports the number of subjects who 
^ ■ reported a score >1 at any time during the 240 hr post-dosing, and the 
; number of subjects who reported a score >4at anytime during the 240 hr 

• ^ ^ assumes that all scores >1 represent a real side 

; ■ vveffect bc^Vren^; however mild or severe. A score >4 is presumed to reflect 
'=25 a moderate-to-severe side effect occurrence. : : - vl 

in the Second format (Table IX), the analysis reflects the general 
> : v .severity ai^d duration of side effects. For a particular side effect (e.g., 

- % :^AbdbnMnal Pain) In a particular subject, all visual-analogue-scale scores 
? ^(overihe 240 hr post-dose period) were summed to give a "cumulative . 

" W ^r^ ^e^ entire time period of evaluation. "Cumulative scores" for all 
V ; ,-. -members of a trea^^ group were summed, and divided by the number of 
Subjects in the g*>up; to give a Mean Cumulative Score. The scale ot jhis 
: ; Mean Cumulative Score does riot correspond to the original 0-10 scale, . 

- ^ ^evaltiation period. >Tab|e. IX presents Mean Cumulative Scores for Y-,/. 
; ■ - ; ^abdominal pain, nausea, regurgitation, and abdominal cramping. 
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fnrlf 18 S un-hr/ml (Table 1). Thus, for the purpose of companng 
: 10 fn Sus dose (AUC-23.4 w-nrAnO Is mom than the systems dmg . 

■'- . j' " oji q oostrointsstinsl side effects occur. _' A ^* ® iittisvonous 

35 *^r*^^ : 
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lle0 Wny «uid conce^on, o« a,,.^ 
: the'leos^^ , stine probably via biliary excretion and^r .;• 

- ^oTs /and iO 8 g, respectively. At higher IV doses (e.g.. 4 fl ). ^ 
> ^n e .asc.ea rt yderno n sUaled above in the ileostomy study. 

-v^-. fJ ' ;, .- ; . 7 . \ TahieVii. . :v' : ■. ,r 




• Calculated by dividing the IV dose by the oral bloavallabiuty of 
^:aiithfornycirt (0.37) 
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Table VIIL ; **' * . • ' 

been corrected for placebo effects. 




table IX .MEAN CUMULATIVE SCORE ....; = •* , 

doLs have not been corrected for placebo effects. 
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number of subjects averaged 



~ This example illustrates a process for making 9. sustained release 
azithromycin multiparticulate membrane-moderated reservoir system which 
S ^hromycin at different rates depending on coating thickness of a. 



•ESS" 
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• • ^iffuion barrier coating. The process comprised (1) preparing uncoated :-r. 
: = azhhrornycin multiparticulate cores; and (2) applying a diffusion barrier .; 

. I coating over the cores. This example further illustrates the in vitro sustained 

V)/ ; -l-re1ease:dosage test procedure for evaluating dissolution and release of 
$ aihhromycin from the dosage form. . > . 

Azithrbrhycin-containing multiparticulate cores were prepared by - 

£H :•• ^/bie^^'B^rtmycsin with microcrystalline cellulose (Avicel® PHI 01, FMC 
■■:%06rp., Philadelphia, PA) in relative amounts of 95:5 (w/w), wet massing the 
.A blend'iri a Hobaft mixer with water equivalent to approximately 27% of the 
10 weight of the blend, extruding the wet mass through a perforated plate 
"• (Luwa EXKS-1 extruder, Fuji Paudal Co.,Osaka Japan), spherohizing the 
V ) extrudkd XLuwa QJ-230 marumerizer, Fuji Paudal Co.) and drying the final 

S S Scores which Were about 1 mm diameter. The final sustained release beads 

' ■ ■ Weremacieby coating over the particle cores with a plasticized ..[/■'■;; : 
15 : ethylcellulose dispersion (Surelease®, Coiorcon, West Point, PA, typically 
••"•> Applied at 15 % solids concentration ). For example 4A (about 100 g batch 
; ; sizej/finai coating was conducted in a bottom spray Wurster fluid bed coaler 
V (Aeroniatic Strea-1 if Niro inc., Bubendorf, Switzerland). For examples 4B, ; • . 

: :- : ' ^£ : .4(i and 4D (about i kg batch sizes), final coating was conducted in a rotary 
io granulatbr (CF-360 granUlator, Freund Indust., Tokyo, Japan). The amount 

J X 5i of coating applied was varied to obtain different dissolution rate behavior. 

;i • ; ^ coating of 2% Opadry® over the 13 % 

• Finished sustained release multiparticulates were tested using the 
<25 ^in vito sustained release dosage test procedure previously described arid : 
; ihe results are presented in Table 4-i. Example 4D was tested as 1 ,500 
' mgA ihultipam^late and examples 4A through 4C were tested as 250 mgA 
5 ? • multiparticulate in a capsule • Examples 4A through 4D satisfy the in vitro ; 
yW\?sustained release dissolution criteria and are sustained release 
^•30 em 
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in Vitro 
Sustained Release 
Dissolution Criteria 


Qo.25 
£ 200 


Qi 

£ 500 




Surelease® 
retina (%1 


Q0.25 
moA 


Qi 
mqA 


4A 


13-0 
2.0 Opadry® 


0 


0 


4B 


11.1 


4 


33 


4C 


13.0 


b 


18 


4D 


13.0 


38 


128 



Q2 
mqA 

44 



Q4 
moA 

104. 



q 6 Initial Dose 

mflA Test?<^ fmqA) 



175 



250 



5 This example illustrates using temporal criteria in conjun 

itfro dissolution test results to design a dosage form, such as a sachet, 
which exhibits a desired dissolution profile. ; : ; 

Using the in vitro dissolution test results from Example 4B, ft is 
desired to make a sustained release dosage form. Using the temporal 

10 criteria and the corresponding data of Example 4B, a maximum scaled mgA 
of multiparticulate was calculated for each individual temporal criterion, and 
set forth in table 5-1. 



15 



TABLE 5-1 
MAXIMUM fir ALED DOSE 



T?mnr rfll criteria 
£ 200 mg A In 15 mln. 

£ 500 mgA In 1 hr. 

£1,000 mgA In 2 hr. 

£ 1,500 mgA In 4 hr. 

£ 2,000 mgA In 6 hr. 



Example 4B 
p|cssoiutlo n Results 

4 mgA In 15 mln. 
33 mgA In 1 hr. 
113 mgA In 2 hr. 
144 mgA In 4 hr. 
154 mgA in 6 hr. 



Maximum Scaled mgA 
nf multiparticulate 

12,500 mgAm 
' 3,788 mgAm 
2,2li mgAm 
2,604 mgAm 
3,247 mg Am 



Each maximum scaled value was calculated by scaling up the results 
of Example 4B to yield the highest value consistent with the ^^esponding 
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■ . temporal briteribh; For'instahce the maximum scaled value at 15 minutes 

■■■('T2£q0 mgAm) wals ralculated as 200 mgA x (250 mgAm + 4 mgA), where 
: - >the^50 mgAm corresponds- to the initial dose tested. The maximum scaled 

%V?v^iue;at f 250 

r 5 ^'WgAm^l#mgA)o • ;/■••'■!./'•■• -'. C 

• Taliie .5- V indicates that the maximum scaled dose of Example 4B 
; ;r "WuWparticulate which should be used to make a dosage form within the ;•: 
;S scope of ^ inyehtibh is 2.212 mgAm, the minimum of the maximum scaled 

X'" Values' calculated/ . .' ; 

- 4; were also calculated using the temporal ; 

ciiWri^ together wHh the data of Examples 4A, 4C, and 4D in the same 

manner as abbve. Table 

Examples 4A through 4D, 



10 



TABLE 5-2 
MAXIMUM SCALED DOSE 



•-' oi' 



■" .ifj: 



ExamDle' 


Maximum Scaled Dose 
of Sustained Release 
Multiparticulate 


'-,'4 a 


2,857 mgA . 


' . '4 b': • 


2,212 mgA 


4C •'. 


6,024 mgA. 


•'..•"4b"_' : - 


■ 4,680 mgA - : 



20 



- - x jExample 6 ' ^x^V '= " : ' .' ; ■■■ ■■■■ 

r : ^ This example illustrates using weight criteria in conjunction with /n 

; dissolution i test ^ results to custom design a dosage form tailored for an 

animal of algiven body weight. The data of example 4B are employed to 

Wlcuifate the minimum body weight for each of the weight criteria. 
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15 



4 mgA in 15 mln. 25,000 mgAm 



Maximum Scaled mgA 
of multiparticulate 1 E r 



y>^i n h^ criteria 
S 4 mg/kg In 15 mln. 

<, 10 mg/kg in i hr. 

< 20 mg/kg in 2 hr. 

< 30 mg/kg In 4 hr. 

< 40 mgA/kg in 6 hr. 



33 mgA In 1 hr. 
113 mgA In 2 hr. 
144 mgA in 4 hr. 
154 mgA In 6 hr. 



7,57? nigAm 
4,425 mg Am 
S^OS'tngAin 
6^494 mgAm 



P^h maximum scaled value was calculated by scaling up, to a 100; 

invention 4.425 mgAm. the mm,mu m^ the . 

,„ , h e same manneras ^above ;™ ^1 «or Examp.es 4A7, 
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table 6-2 

Maximum Hosb Deliverable To A Given Body Weight 





Example 


Maximum Dose 
Sustained Release Multiparticulate 
•inn ic? Bodv Welaht 




4 a '. /. 


5,714 mgAm 




s-r-A'B':'-: 


4,425 mgAm 




0;4c '• 


: 12,048 mgAm 






9,360 mgAm 







; ; Fxample ? VW.;/: ■ 

; . This example illustrates using the weight criteria in conjunction with 
7n t^fro dissofutto animal body 

weight with which a sustained release dosage form should be used. 

. A sustained release sachet containing 2000 mgAm is made with the 
.^nultiparticulate of Example 4B. A minimum animal body weight was V- 
calculated for use with this sachet according to estch of the weight criteria. 

' '; •/. •< ' ' V table 7-1 : ) 

Mfp,mum Bodv Weights 



^inht Criteria 
^ 4 mg/kg In 15 mln. 


Example 4B 
Dissolution Results 

4 mg A In 15 mln. 


fof with 2.000 maAm 
8 kg • ■ 


> k f l6 mg*g In f hr. 


33 mgA In 1 hr. 


26^ kg :; V- 


$ 20 iTig/kg In 2 hr. y 


; 113 mgA in 2 hr; 


45.2 kg ; 


/ S 30 mg/kg in 4 hr. ^ 


*144 mgA in 4 hr. 


38.4 kg \ . ' 


■ : £ 40 mgA/kg in 6 hr.7 


:: 154 mgA In 6 hr. 


30.8 kg \ : \ 



jEach. minimum pealed body weight was calculated by usjng the data ; 
f 1 of. Example is and assuming a 2000 mgAm to calculate the smallest weight 
ft ^ = /cbhsiteM individual corresponding weight criterion. For instance 



'S.: 
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the scaled value at 15 minutes (8 kg) was calculated as: 2000 mgAm x (4 
mgA/250 mgAm) - (4 mgA/kg). The maximum scaled value at 2 hr (45.2 kg) 
was similarly calculated as: 2000 mgAm x (113 mgA/250 mgAm) ;+ (20 
mgA/kg). 

Table 7-1 indicates that the minimum body weight to which a sachet 
containing 2000 mgAm of Example 4B should be administered is 45.2 kg, 
the maximum of the calculated scaled body weights.. 

Minimum scaled body weights were also calculated using the weight 
criteria together with the dissolution data of Examples 4A, 4C, and 4D in the 
same manner as above. Table 7-2 summarizes the minimum body weight 
for 250 mgAm and 2000 mgAm total doses of Examples 4A, 4B, 4C and 4b, 
to make a dosage within the scope of the invention. 
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TABLE 7-2 
Minimum Body Weigh t -At Given Dose 



Example 


Minimum Body Weight Minimum Body Weight 
per 250 mgA per 2000 mgA 
Sustained Release Sustained Release 
Multiparticulate Multiparticulate 


4A 


4.4 kg 


35.0. kg .. 


4B 


5.7 kg 


45.2 kg 


4C 


2.1 kg 


16.6 kg 


4D 


2.7 kg 


21.4 kg 



20 
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FxampleS 

This example illustrates a process for making sustained release ; ; . 
azithromycin multiparticulate membrane-moderated reservoir systems which 
release azithromycin at different rates depending on coating thickness of a 
diffusion barrier coating.The process comprised applying a diffusion barrier : 
coating directly to an azithromycin multiparticulate, this example further 
evaluates, by the in vitro sustained release dosage test, the release profiie; 

Azithromycin-containing multiparticulates were prepared by loading • 
1 ,000 g azithromycin compound directly into a rotary granulator/cp^ter ; 
(Freund CF-360 granulator). Then, a plasticized ethylcellulose (Surelease®) 
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^ ^Ih^s^ned release muniparticu1a.es were tested using the /n 

^ su Jned reiease dissolu«on criteria and are sustamed reiease 
;ir^6diments of the invention. >, 



Dissolution Criteria 



{in jP* urn) goring (*) maA niflA 



Initial Dote 



18A % (240 fim) 
8B (240 nm) 

\ V..-.'.' ...:*. ^ : • 

8C (280 |im) 

8D (310 >"«) : 
8E (315 ym) 
*F\(335 >*TI) 
8G (400 iurn) 



0.5 Opadry® 

22-7 - 
i.6 Opadry® 



110 



206 



141 



. 35:6 
0.7 Opadry® 



©4 

mflA 

216 
196 


Q6 

228 f 


Tested 

•* *so ' 


188 


214 


226 


257 
116 


265 
138 
119 

• 77 


272 
250 
180 
166 
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: Surelease^ coating**; . 
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... Example 9 

this example illustrates a process for making sustained releas . .... 
azithromycin multiparticulates which release azithromycin at different rates 
depending on the thickness of a diffusion barrier coating, the process 
5 comprised (1) preparing uncoated azithromycin multiparticulate cores; and 
(2).appiying a diffusion barrier coating over the cores, this example further 
evaluates the release profile of the multiparticulates. 

Azithromycih-containing multiparticulate cores were prepared using a 
fluid bed processor with rotor insert (Glatt GPCG-5 by Glatt Air Techniques, 
10 Ramsey, N.J.). The rotor bowl was initially charged with 2,500 g>df- ... 
azithromycin drug and plasticized hydroxypropyl methylcellulose (Opadry®) 
binder solution (10% solids concentration) was tangentially sprayed into the 
rotating bed until an average core granule size of about 250 ujn was 
achieved. Next, a plasticized ethylcellulose (Surelease®) coating ;;. : 
15 suspension diluted to 15% solids was sprayed onto the core particles. A first 
. batch of coated particles was made with a 40 % coat. A second batch was . 
then made with a 50 % coat. 

Finished sustained release beads were tested using the in vitro ^ 
sustained release dosage test procedure previously described and the 
20 results are presented in Table 9-1 Examples 9A and 9B are sustained { : < 
release embodiments of this invention. 

TABLE 9-1 



In Vitro Sustained 
Release Dosage Test 
Dissolution Criteria - 



'Surelease® 



9A 
0B 



40 

SO 



Qo.25 
£ 200 



Q0.25 
mgA 

55 
11 



Ql 

£ 500 



Qi 

mgA 
221 

43 



©2 


©4 


£1,000 


51,500 


Q 2 


©4 


mgA 




401 


759 


120 


275 



Qe 

£2,000 



. Initial Dose 
q 6 . Tested 

moA mflAm 



826 
382 



1000 
1 000 



Fvample 10 

This example illustrates using the sustained release dissolution 
criteria in conjunction with in vitro dissolution test results to design a dosage 
30 form which exhibits a desired release profile. 
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• ' As in Example 5, the data of Example 9 Were employed in ; . 

; bbnjunction with the temporal criterion to calculate the maximum scaled . 

^ mgArnVcorresponding tb both Example 9A and 9B, which should be used t 
v " ; make a dosage form according to the invention. Table 10-1 summarizes the 
5 V. maxi mum scale d dos^ for E xamples 9A and 9B; 

■'- ■ table 10-1 ■ -. - v : \ 
' ' : -ilP'T""?' Smled Pose . ;, 





: Maximum Scaled Dose 




of Sustained Release 


Example 


Multiparticulate 




1,976 mgA 


SB'-,' 


V 5,236 mgA 



15 



20 mu 

, . i,.. 



This example illustrates using weight criteria in conjunction with m 
wto test results to custom design a dosage form tailored for an animal of a ^ 

given body weight. ; , . ■ • 

the data from Examples 9A and 9B were employed to calculate, as m 

Example 6, -the rnaximum dose Which should be administered to a 100 kg 
animal Table 11-1 lists the maximum amounts of sustained release 
m^^rticulate^or'Exarhples 9A and 9B which should be employed for a^ 
giveii body weight of 100 kg according to the dissolution critena and body 
v^ight brite^to make a multiparticulate dosage form within the scope of the 
invention. 



25 



'.'•>-: '.I'- TABLE 11-1 • 
avimhrn Dq*q n»Hverab'» To A Glvei 



Wel< 



Maximum Dose ' ■ 
Sustained Release Multiparticulate 
IxinBift JOQ Ufl BotfY Welfltn 



9B 



3,953 mgA 
10,471 mgA 
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;, Sa^-e Urates using the weigh, criteria in cpn.u a on «* 
toi *o dissolution test resuKs to determine the minimum ; 
"efeht with which a sustained reiease dosage form should be , u «L , 
■ ^ minimum weights were calculated in the same manner as tor : 
5 Exempt Tab* 12-1 summarizes the minimum body weigh, .or 250 mgAm 
and 1 .000 mgAmtbtal doses ot Examples 9A and 9D. 



10 




- f^m^e illustrates a process for making sus.ained release ^ 

M re,ea rrr^^g mutate were prepared by foading ^ 
1 noo a azrlhromycln-contelning particles directly into a «**V:.-r . 
^^^(Freund CF-360 granulator). The rotating particle bed was 

i DowWca-. Midland. Ml). 2.5 % ff^^TSSZT^ 

• r^rvonni t>2 % ethanol, 54 % acetone and 4 /o water, wnen ouu y w 
25 iSSffiS stlfds had been Applied to the 1.000 g in«iai i charge, a. £ 
Sed lasemunioanicutete was formed with a mean part,Ce s«e ot 

^ S sustained release muKipar.icu.ate was tested using the /n^ 
30 t^'aSd release dosage test procedure. The resulte are presented, .n 
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Table 13-1y Example 13A satisfies the in vitro release criteria and is a 
: sustained [ release embodiment of the inventio 

V TABLE 13-1 



In Wfro : 
Sustained Release 
Dissolution Criteria 


6 0125 
£ 200 


Qv 

\is 500 


Q2 

<1,000 


Q4 

i;soo 


£2,000 




Solids 
- v . Coaling " 
pxanrcte " i%l 


Ob .25 
maA 


Qi 

maA 


©2 
maA 


Q4 


Q 6 

rnqA 


Initial Dose 
. Tested : 
maAm 








160 




238 


250 mgA ; 
Capsule 



r Example 14 • -:.v ; "." ; ; ■ ■" 
> This example illustrates a process for making sustained release 
-azithromycin hydrophilic matrix tablets which release azithromycin at '•' 
10 different rates depending on their composition. The process comprised (1 ) 
. ' • blending all components except for magnesium stearate; (2) screening and 
; r ; 'reblendihg i the same components; (3) adding and blending magnesium, 
stearate; arid (4) compressing the final blend into tablets! , ; g>. 

/ v in^batch sizes of 150 grams, azithromycin was shaken for about 15 
15 minutes in a suitably large jar with all other components except magnesium 
tfi stearate using a Turbuia shaker system (Basel, Switzerland). Next, the 

blend was passed through a 40 mesh sieve and shaken again for ten " 
S - min^ stearate was added and the blend was shaken 

- ^;for five rnlriutes. Usjng a Mariesty type F press (Manesty Machines, 
"»^ : V^Liv^rj^i/Eno'lari(b . the final blend was compressed into tablets using - 

• either 1 3/32 inch standard round concave (SRC) punches for Examples 14A 

through 141 or 
> : and 14IC A summary 

• -shown in Table 
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158" 

i .S 3 

- ■ 5T- ■ 



a 

riPS. 





.'•%• 
Azithromycin 

omwiouhd 


% 
pactose 


% 
HPMC1 


14A 


54 


1 5 


30 


14B 


54 


20 


! 25 


14C 


5 4 


24.5 


20 


14D 


54 


29.5 


15 


14E 


54 


34.5 


10. 


14F 


7 0 


mmm 


28.5 


14G 


.70 


mmm 


15 


14H 


7 0 




20 


141 


I 

: 70 


mmm 


15 


14J 


7 0 


mmm 


15 


14K 


70 


mmm 


15 



pvp 2 



13.5 
8.5 

mmm 

13.5 



13.5 



i •• 

I./.. 
.1.5 

■* . * 1 

1.5 ;' 

1 .5 

i.5 

1.5 

1 .5 ; 

' : 1-.5" 
1 .5 



1 hPMC means hydroxypropylmtf^^^ 

K4M-CR (Dow Chemical, Midland, Ml) ..k 

2 PVP means polyvinylpyrroBdone. Kolloidon 17 (BASF Corp., Parsippany NJ) 

3 MicrocrystalOne Cellulose that was used was Avicel® PH-102 (FMC Corp.) . 



Finished sustained release tablets were tested using Xhe in vitro 
10 sustained release dosage test procedure and the results are presented In 
Table 14-2. Examples 14A through 14K satisfy the dissolution cntena and 
are sustained release embodiments of this invention. 
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TfRtF 14-2 




? r > TrTe^le illustrates a process for makin„ multiparticulates for use 
" in maWng delayid-reloase dosage forms designed to release azithrornyo.n 

piiL./be toW the duodenum. The process compnsed 0) prepanng 
? i: uncoated aztthromycin multiparUculate cores; (2) appVln* a W sutfamed- 
tft release coating over the cores; and (3) applying a second . pH-sensBive, 

dSreleaico^ng over the firs, ooat This exampte tarther Illustrates 
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the invitro delayed release dosage test procedure for evaluating 

dissolution ol the dosage form and release of azithromycin _ . . _ 
dissolute^ ^ ^ prepared using a f ud 

Mumparucu.cn /-p C G-5^ The rotor bowl was initially 

bed processor with rotor insert (Model GPCfc i>h ■ np row ^ 
^rned with 2 500 g of azithromycin and plasticized hydroxypropyl 
■-■^^^^Lkjh binder solution (10% solids concentration) was 

S^um was achieved. Next, a plasticized ethy.ce.lu.ose (Surelease*) . , 

coating suspension diluted to 15% solids was sprayed onto ^core 
rt woc a first batch of coated particles was made with a total 

10 batch L then made with a 40 % coa«hg. Last*, 

bo* S ol rrwltiparticulate -re coated with a 

taWd bed rotor processor (Glatt Mode. QPOQ-1) V?"*^***. : . 
end pd* (indicated in % in Tabie 15-1) was achieved. The deiayed- 
»W coating was a suspension containing 12.3 % methacryhc ac,d , 

80% water. For the lirst batch that had been coated -• : 

Surelease* coat, a 20% delayed release overcoat was applied. 
fe»nd batch that had been coated with a 30% Suretease* ?*«**7 * 
20 2d release overcoat was applied/The final product was d^yed- : 

with partes having an average size o, about : . 

300 ^e ,„ v«ro delayed release dissoMion results are presented In : 
Table 1S-1and include the dissolution test criteria Example 
25 W-v. example ot an Immediate 

criteria and scope ot the invention. Examples 15B and 1SC are delayeo- 
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• 5 ; > ' : C: This exarhpfe illustrates a process for making sustained release 

• ^ which release azithromycin at 

• different rates depending on the extent of surface coating coverage by an 

• 3 Jviquepu* insoluble polymeric: barrier material as; well as the composition of 
^ the nydrophilic matrix tablet core. 

iO " r > Tablet cores were made first by shaking (Tufbula System) In a 

-■ Suitable size jar for about 15 minutes the following: 105 g achromycin. 15 g. 

' 5 : hvdroy ropyl rnethylcelluiose (HPMC, Dow Methocel® E4M-CR) and . 
: ^ ^ 75 g micrbcrysfalline cellulose (Avicel PH-102, FMC Corp.).; The. ; 

" ^ "resuftihg blend was then passed through a 40 mesh sieve and shaken for 
^15 -ten'addrtibnal minutes. Then, 2,25 g of magnesium stearate was added and 
* ^ '•■ : the mixture was shaken for five minutes. Using a Manesty type F press 

;>;;:^^d^hH3^2 inchstandard round concave (SRC) punches, the final — 
^•••//••tb^n'd Was rcmpte&sed into tablet cores.. ' . ' •■ • • - : ■-.■;>■ ' 
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Next the insoluble polymeric barrier material was prepared by ^ 
adding 159g HPMC (Dow Methocel® K100LV premium CR) to a Hobart 
mixer. While mixing at medium speed, 27 g castor oil was slowly added and . 
the mixing was continued 1 5 minutes. An ethylcellulose solution was 
5 prepared in a separate container by slowly adding 10 g ethylcellulose 
(Dow Ethocel® S 10) to 190 g ethanol while stirring. Alter the ethylcellulose 
went into solution, the 200 g of ethylcellulose solution was slowly added to 
the Hobart and the contents were mixed for 15 minutes. The resultant wet 
mass was spread out on a polyethylene lined tray arid dried in a forced hot 
10 air dryer at 50°C for four hours. After drying, 78 g of the dried mass was 
forced through a 25 mesh sieve and collected in a jar. Magnesium stearate 
(2 g) and colloidal silicon dioxide (1 g) were added to the jar and the jar 
was shaken for five minutes. 

• * Using a Manesty type F press and 13/32 inch standard round . 
15 concave (SRC) punches, the polymeric barrier material was compressed in 
a variety of configurations over the matrix tablet cores. In one configuration, 
the core was placed in the punch and various amounts of polymeric barner 
material were compressed on top of the matrix tablet core.Finished tablets 
produced in this way had a polymeric barrier coat on the top of the matnx > 
; 20 tablet core. In a second configuration, different amounts of polymeric barner 
material were placed in the die of the punch underneath the matnx core as 
well as on top of the matrix core and the composite was compressed mto 
finaltablets. Finished tablets produced in this second way had a polymenc 
barrier coat on both the top and bottom surfaces of the matrix table core . , 
25 In another process for making polymeric barrier coated hydrophilic 

matrix tablets, an adhesive polymer (Epoxi-Patch, Hysol Corp. Olean. NY) ; 
was used as the polymeric barrier material and was applied to various ; _ 
, surfaces of the matrix tablet cores. Polymeric barrier coatings were not only 
applied to the top and/or bottom surfaces of the matrix tablet core, but also 
30 around the sides of the tablet. 

rumple 17 -W-.--/-:,:. 
, ■ This example illustrates a process for making delayed release 
35 • azithromycin hydrophilic matrix tablets which are designed to release . 
azithromycin predominantly below the duodenum. ;; : . 



V ;;; .^Tablet cores were made first by shaking (Turbula System) for. about 
15 mirtOtes in a>r105g azithromycin, 15 g. hydroxy propyl methylceilulose 
r^HPMC, Dow Methbcel® E4M-CR) and 27>5 g rnidrocrystalline cellulose 
i ^Avicel PH-1 02, FMC Goip:). This blend was then passed through a 40 . . 
i5 Triesh ^ieve and shaiceri for ten minutes. Then, 2.25 g of magnesium stearate 
' • was added and the mixture was shaken for five minutes. Using a 
Wanesty typeF pr^s fitted with 13/32 inch standard round concave (SRC) 
■■S- '■puhches. the final blend was compressed into tablet cores. 

: : A delayed- release cb^ suspension containing 12.3 % ' 
10 ! rhetha^ (Eudragit® L 30 r>55), 6.2 % talc; . / : \ 

: .V l;5^triethyi citra'te arid 80 % water was prepared and applied as a 10 % 
V coating, using an HCT-30 Hi-Coater (Vector-Freuhd) to spray the solution 
;;Sv^o ; nto^he matrix teblet cores. Because the coating is soluble in environments 
; ; whe^ is greater than 5.5. the tablets thus prepared release 
15 ■ -iith^ below the stomach 

where the pH is i feater than 5.5, and the cores do so in a sustained manner 
that deiiveri azithromycin predominantly below the duodenum. . ; 

- ■ / • Fxample 18 -V '.: . '] .' '. ,\ . .• \ ...V^ 

20 . > This exarnple illustrates a process for making ah osmotic 
^ ^ sustained release tablet with a bilayer (two compartment) core 

surrounded by a: sernipermeable membrane with a passage through its 
• s U >face. One' tablet core layer has an osmotically effective composition : 
boniainin^ ^fthrpmydh and the second tablet core layer contains an 

.25. •expanding i hydrpgel. - • 

the first tablet core layer material was prepared by Turbiila blending 
• f fbl abput 15 minutes 70 g pblyethylehe oxide having a molecular weight of 
V/..?; 1 .. 5,000 000 (Pplybx® , Coagulant), 23 g sodium chloride and 5 g 
; ^Vihydroxypropyl methylceilulose (Dow Methocel® E4M) in a jar. The contents 
' ^^iBr^pass^ through a 60 mesh sieve and collected in a jar. Then, 2 g of 
/ 1 " ^ added and the mixture Turbula blended for 5 

'^•^•^rnihutes.' ^v'V-' . : . 
• ^ (r : : The second tablet core layer material cbrt^^^ achromycin was 
'< prepared by turbula blending for about i 5 minutes 50 g azithromycin, 1 50 g 
^ f pblyethyiene oxide having a rhblecular weight of 100,000 (Ppiyox® N-20, 
^Unibn ckrbide CPrp,, Danbuiy, CT) and 1 0 g hydroxypfopyl ; 
' ;V ^methylceli& a jar. The contents were passed 
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through a 60 mesh sieve and collected in a jar. Then, 4 g ol magnesium 
stearate were added and the mixture Turbula blended for 5 minutes. ^ 

to make a bilayer tablet core, a Manesty type F press with 13/32 
inch standard round concave (SRC) punches was used. First, the first tablet^ , 5 , 
5 core layer material was partially compressed in the punch. Then; the second 
tablet core layer material containing azithromycin was filled on top of the first : 
layer and full compression was applied to form bilayer tablet cores. 

A coating solution was prepared with 68% methylene chlonde, 
28 5 % methanol, 3.3 % cellulose acetate (Eastman CA-398-10)and : 
10 1 7 % polyethylene glycol 3350. An HCT-30 Hi-Coater (Vector^Freund) was 
used to spray the coating solution onto the bilayer tablet cores. Sufficient . 
coating was applied to form a wall around the tablet core of about 0.006 inch 
thickness. After coating, the coater rotation was reduced and the cores were 
dried for five minutes. The coating forms a semipermeable barrier wall 
15 around the tablet core which is permeable to water and impermeable to 
azithromycin and other tablet core excipients. 

A 0.5mm hole was mechanically drilled through the coating to expose 
!B the azithromycin-containing layer to the use environment -\ .- ' . ^ ^ 

H jo PYflmnie 19 . 

Q This example illustrates a process for making an osmotic . 

| azithromycin sustained release tablet which was designed with a core 

y containing an osmotically effective composition surrounded by a 

semipermeable membrane with a passage through its surface. 
25 Tablet cores were made first by Turbula blending for about 10 ,.. 

minutes in a jar 30 g azithromycin fumarate with 70 g lactose. The contents 
were passed through a 40 mesh sieve and collected in the jar. Then, 2 g 
magnesium stearate were added and the mixture Turbula blended for 5 
: minutes. Using a Manesty type F press, the final blend was expressed 
30 into tablet cores using 13/32 inch standard round concave (SRC) punches, 
A coating solution was prepared with 68 % methylene chlonde. 
28.5 % methanol. 3.3 % cellulose acetate (Eastman CA-398-10) and. 
0 2 % polyethylene glycol 3350. An HCT-30 Hi-Coater (Vector^reund) was 
used to spray the coating solution onto the tablet cores. Sufficient coat.ng 
35 was applied to form a wall around the tablet core of about 0.006 inch 
• thickness. After coating, the coater rotation was reduced and . the c»re : s were 
: dried for five minutes. The coating forms a semipermeable barner wall 
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around the tablet core which is permeable to water and impermeable to 

'azithromycin : ' - 

■ ' Next, different diameter passageways from .008 inch to 0.020 mch 

diameter were mechanically drilled through the top of the 
, ^connecting the exterior of the table, with the table, core conta,n,ng the 



^ TNs example illustrates a process for making multiparticulates for use 

; Wli> ; :"in making delayed-rclease dosage forms designed to release achromycin 
pladomi^y betowthe duodenum. The process comprises (1) prepanng 
undated azithromycin mulUparfculate cores; (2) applying a «rst, su«a,ned- 
"elease diffusion barrier coating over the cores; and (3) applymg a second , . 

;? „H-sensitive, delayed release coating over the first coat ; , ■ . 

a y R - Azimromycin-containing multiparticulate cores are prepareAby 

i blending azHhromycin compound with ^^^"^Z* 
i! : : phi 01 FMC Corp.. Philadelphia, PA) in relative amounts o19SS (w/w). wet 
t ^ ^^eblerSlnaHobar. mixer with water cogent to approx.ma.eV 
27 %oi the weight of the blend, extruding the we. mass through a .. ; • /v . 
S- 20 Perforated plate (Luwa EXKS-1 extruder. Fuji Paudal Co..Osaka Japan) ; 
i ' 20 ^HeronU the extrudate (Luwa O.-230 marumerizer. F Ui , Paudal Co.) = . . 
ff 7% - 'and drying the final cores which are about 1mm ■ , 

t* " : >: Next aWurster bottom spray fluid bed processor (Glatt GPCG-1) is 
; used , o coat the unooated azithromyein-comainlng mutUparOculate wtt. a 
^ Cl barr.er.coa.lng. A plasticized ethylcellulose <Sure^) coa.,ng 
; eusoerision diluted to 15% solids Is sprayed onto the core parocles. ■ ■ 

: tST %to 20 % diffusion barrier coating .s applied. The amount of 
•Smef^ng applied determines the ra,e o, azHhromycin release from the 



30 ""^^a Warier bottom spray fluid bed processor <<f»<^s 
*? ^ ,^ no t a delayed release coating over the diffusion bamer coated 

^clT^Ced relating .eve* are 2S% to 50% .n order 
: ^h« aire that the delayed release dissolution cntenon are met. The .. . 

£teS£E-^ is a suspension containing 12.3% methaoyUc 
35 a?C.yr"^«4 S 't» ;t *> D-55), " % ta te . 1^ %trie,hy, C,ra,e . 



ind: 80 % Watef 
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: Because the delayed release coating is soluble in environments 
where the pH is greater than 5.5, the multiparticulates thus prepared release 
azithromycin from the barrier coated particle cores below the stomach where 
the pH is greater than 5.5, and the particle cores do so in a sustained v 
5 manner that delivers azithromycin predominantly below the duodenum. ,. 

py^m pte 21 .'v->. .• 

This example illustrates a process for making multiparticulates for use 
in making delayed-release dosage forms designed to release azithromycin 
10 predominantly below the duodenum. The process comprises (1) preparing 
uncoated azithromycin multiparticulate cores; (2) applying a protective coat 
' over the core particles; and (3) applying a second , pH-senSitiye, delayed- 
reiease coating oyer the first coat. 

Multiparticulate cores containing drug are prepared using a fluid bed 
15 processor with rotor insert (Model GPCG-1 ). The rotor bowl is initially 
charged with 400 g of azithromycin drug and a binder solution containing 
5 % poly(ethyl acrylate, methyl acrylate)(Eudragit NE-30-D), 5 % • . . 
: plasticized hydroxypropyl methylcellulose (Opadry®) and 90 % water is . 
sprayed into the rotating bed until an average Core granule size of about ^ 

20 250 jtm was achieved. : ■ ' u 

Onto the uncoated core particles in the same fluid bed processor with 
rotor insert, a binder solution containing 5% plasticized hydroxypropyl 
methylcellulose (Opadry®) solution is sprayed until a coating of 10 % is 
applied This intermediate coating enhances the adhesion to the core 

25 particles of the final delayed release coating. 

A delayed release coating (typically 15 % to 50 % is required to 
meet the delayed release criterion) is applied using the same fluid bed 
processor as above, the delayed-release coating is a suspension 
containing 12.3 % methaerylic acid copolymers (Eudragit® L 30 D-55). 

30 6 2 % talc, 1.5 % triethyl citrate and 80 % water, the final product is a 
delayed-release multiparticulate with particles having an average size of 
about 300 p.m. 

' Evaiririple 22 • 

35 \ This example iilustrates the preparation of azithromycin bead cores 
and coating them with a cohtrolled-release coating. The coating can be 



/v..W69^04M^: : , ":.'-\'.. 
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i ; - applied Scohvehtiohai equipment; The rate of release of drug from the 
: - ^ co^6 beads is dependent on the amount of coating applied. 

^Drng^ontaining beads are prepared by blending azithromycin 
- fumarateWith microcrystalline cellulose (Avicel® CL 611.FMC) in relativ ; 
^ 'afnounts of 95:5iwef-rnassing the blend in a Hobart mixer with water unt.l a 
•- •^ i dough is obtained, extruding the wet mass through a perforated plate (Luwa 
>ff ^exthjderi. and spherbriizing tne^^ (Luwa spheroriizer). The beads so 

^ Aeromatic Strea-1 benchtop Wurster ; 

^ cbater (batch size i 00g): The coating solution is prepared by dissolving 36g 
- ::io ■ xylulose acetate (Eastman CA 398-10), 7.9g poly(ethylene glycol) (PEG : 
' ' 400) and the required amount of sorbitol in a mixture of methylene chloride. 
V >• • " -methanol and Water (15:10:1) sufficient to bring the polymer concentration to 
« ; > : - -about 2%. The coating is applied in the fluidized bed until the desired . 
[I ;iih«ess bbt^ 

S l5 6;azithrbmyc^ '' "... • \ . '.'.:."-. '• '■■ 



■ 

•i.Ti" 



•vH/^ ; ' ;; '' :: M;.-'''.3g. 
;l^^^^--^HMw;.v.3g' 



h r^tin ? Rnlution , / coajinq thickness 

•:v-..' • ' 0.01cm' .-. 



]:[■. o.02cm 

--. • 0.05cm 

' ; ' ■■ 0.10cm 

.-v > .'*' • 0.01cm 

V ;.Sr^ -/V ' : ; , , 0.02cm 



y^yy'Vyysg'; 

•'25'' • : v ' , v^;S;'"'' 6g •'. 
-■^■/,:%-y<: 12g 

-::'v.'-; : -;';.-s;;:'L'i2g' 
;f / i;>-v;, v ; ; r-. ; .'-;'i2g^ 



p.05cm 
0.10cm 
0.01cm 
0.02cm 
0.05cm 
O.iOcm 



.30 



35 



^ -This example illustrates the preparation of tablets coated with a 
^membrane which develops pores when placed in a use environment for . , 
sustained release bf azithrpmycln. : 

:y--:::':.:; bvai-sbWed tablets containing 750mg azithromycin fumarate, 100mg 
sorbitol and lOnHg rnagnesium stearate are prepared by compressing a : . ;• 
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mixture of the powders on a Carver Press. The tablets are placed in a pan 
coater and coated with a polymer solution containing cellulose acetate . 
(Eastman CA 383-40) and polyethylene glycol) (PEG 400) .^^3 tp. •, 
which has been added impalpable lactose to give a rat,o of CA:PEG. lactose 
5 of 40 40:20 and a total solids content of 50g/l. The coating process .s 
. continued until the tablets have received the desired amount <*™*^ ^ 
Coatings equivalent to 10%. 15%. 20%. 25%. and 30% of the tablet weight 
give successive decreases in the rate of azithromycin release. 

10 Th^arn^le illustrates the preparation of perforated coated tablets 

, with a coating of ethylcellulose which deliver azithromycin from a central ; , 

h0le * Tablets containing 750mg azithromycin fumarate and' i OOmg v , . 
hydroxypropylmethylcellulose (Dow Methocel K100LV) are prepared by J 
compressing a mixture of the powders on a Carver press 
!S found die and round flat-faced punches of 1.3cm diameter. The ablets are 

» : coated in a pan coater with a solution containing 10% ethy.ceUulose^Dow 
EC S-10) in acetone and ethanol until the applied coat.ng reaches 
the tablet weight. The coated tablets are removed from the ^ coater and further 
dried at 50°C overnight. A 2mm hole is then drilled through the center of , 
each tablet to yield a sustained reiease dosage form. 

: f^in^e illustrates the preparation of perforated coated tablets 
with a cellulose acetate coating which deliver azithromycin from a central . : 

Tablets containing 750mg azithromycin fumarate and 100mg < v 
hydroxypropylmethylcellulose (Dow Methocel K100LV) are p reparedby , 
compassing a mixture of the powders on a Carver press using a standard • 
round die and round flat-faced punches of 1.3cm diameter. The tablets are 
coated in a pan coater with a solution containing 1 0% ce«ulose ^ : 
(Eastman 398-10) in acetone until the the applied coatrng reaches 20% of 
helblet weight The toated tablets are removed from the coater and further 
. dried at 50°C overnight A 2mm hole is then drilled through the center of ■ , 
each tablet to yield a sustained release dosage form. . 
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V This example illustrates the preparation of perforated coated tablets 
^witli a; copo^meVic ethylene/vinyl acetate coating which deliver azithromycin 

5 from a central hole.; ^ 

y ^ablets containing 750mg azithromycin fumarate and 100mg 
: " ^ (Dow Methocel K100LV) are prepared by 

-compressing a mixture of the poWders on a Carver press using a standard 
. iround die and found flat-faced punches of 1.3cm diameter. The tablets are . 
10 +66^ by dlppix^ into a bsolution containing 10% ethylene vinyl Acetate -,■ 
j^ldrich Chemical Co.) in methylene chloride. The coated tablets^are further 
■ : "dried at 50°C overnight. A 2mm hole is then drilled through the center of 
^V^ e^h^bletio yield a sustained release dosage form. 



y'S':- 



is % ^Example 27.-\ -> .y y- " ■■•y • ■ . 

< •■>:•• : y This; example illustrates preparation of perforated coated tablets 
: ; ^}-;w.hibh trtilizS a geometric approach to linearizing the release of '■• 

:. azithromycin. - y.;.y ' ' .. \ 

•.;-^- : r:>; ; :vTablets a>e prepared as in Example 26, except that conical punches 
^■^liedto give a tablet increasing in thickness from the center outward at 

an artgle of 30°. These tablets are completely coated by dipping into a 
- : : Solution of 20% celluibse acetate (Eastman CA 398-10) in acetone. The 
%iets axe allowed to air dry, then are dried at 50"> overnight. As before, a 

: 25 f release dosage form y •; y 

■ ■- '■: •;■ . f yampie 28. -'V \ : .\ : 

; ; pellets haying a 

• : . hole in the center of the flat face. wii'"'*-'' 
30 ^ ^iwrornycin dl hydrate and polyethylene <PEP-31 5, Union Carbide) 
cipdwder are each passed through a 60 mesh screen before use. The ; , ! ;. .,; 
>^yfbliowirig ^ blen^ are prepared: . . v ; ~\ 
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Azithromycin 


Polyethylen 


3g 


7g 


*9 


6g 


5g 


5g 


6g 


4g 


7g___ 


3g 



Each Diena is prepares uy nuAiny ^ — ■ 

Turbula mixer. An aliquot of each blend is then placed into a metal mold in 
the form of a hollow cylinder having a roundbottom. The radius of curvature 
of the bottom of the moid' is equal to that of the cylindrical section. (The mold ; ; 
is split into two halves along the axis of the cylinder, to allow removal of the 
compact.) Two different-sized molds are used to yield different doses: A . f 
mold with radius of 0.5 cm is charged with 260 mg of blend, yielding pellets ,■ 
containing 78, 104, 130, 156, and 182 mg of drug, for the blends descnbed , 
above. A mold with radius of 1.0 cm is charged with 2100 mg of blend, v 
yielding pellets containing 630. 840, 1050, 1260, and 1470 mg of drug, for 
the blends described above. The loaded mold is placed in an oven at 150 
for 30 min. After heating, the blends are compressed in the mold by inserting , 
a tight-fitting metal plunger. The plunger is removed and the mold allowed to; 
cool for 20 min at room temperature. The mold Is disassembled and the 
hemispheric drug-containing pellets are removed and trimmed with a ; 
scalpel to remove any irregular edges. The hemispheric pellets are placed , 
facedown in a dish and covered with molten paraffin. The resulting block of 
paraffin is removed and cut into sections, each section containing one pellet 
The exposed face of each pellet is further coated with molten paraffin. After 
the paraffin coating is solidified, a hole is drilled through the coating in the ; 
center of the flat face of the hemisphere. The resulting hemispherical pellets 
exhibit sustained-release of azithromycin. These pellets are usable as-.s, or 
several pellets can be placed into gelatin capsules to form higher-dose units 
30 for dosing to humans or animals. Four of the 1 cm radius pellets of this ; 
example/containing 1470 mg of azithromycin each, are placed in a capsule 
of 2 cm inside diameter and 4 cm length to make a capsule containing . ;\ : 
5880mg azithromycin. 
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■:■ r ' • C ^ This example illustrates the preparation of coated cylindrical tablets .. • :■ . 

■ , , , v^v^^ ^^ ^ ^jthromycin is prepared with 10% HPMC and 2% . " • ,. 
' ^malhesium stearate and compression-molded jntocylinders of 1 cm and 2 
^ : : tm diameter The length of the cylinders is dependent on the amount of : - . 
■ /s ^i^ charged into the mold, as shown in the table below: 
/S: ^ amt of azithromycin iensiii • : 

-^-^W^ 2^ ^ ' ^^--^eo mg . . 2*cm ,.; 

^•■V^/"^f cm - :. - :'v3g" ;: - - 2640 mg 3.9cm .. . 

^^2cm ; -^^ : -6i''--- ; ' ;; ; '. 5280 mg ,v : 1.7cm 

4l3^=:^Vcrh ; -- ; '- 12'g-'- "'"V ; 10560 mg 3.4cm • • 

K : - : .^7$rf^'^ir^rt-8b-ptep^ are thoroughly coated with ethylcellulose 
• & ; ? ^£w EC^l0bj by dipping into a solution of 20% EC in acetone and dned 
; 1- ^ ■ ^ 4 50 oc overnight. A shiarp blade is then used to cut four equidistant -y ^ 

- :1k & -iohghudihal siits- approximately 0,5mm wide, along the periphery of each ; 

^ 2ri - blinder to yield sustained-release dosage forms. These larger dosage , f 
M ■ - forms are especially aiseful for treatment of animals, especially ruminants 
? ;W:&^ h Pah ^tain the dosage forms in the rumen for a prolonged penod of 

>■ W;'.;? #.;^me. ; : r y ; : ;'.- .v ••"/■': V >■ .'. . . '• . : • • 

v - ■ >s ^.V/.y ; - This example illustrates the preparation of a delivery system 

: ^ consis^ng of a porous hydrophobic membrane capsule with an osmotic ; ,. 
- ; > : : 4 acti n 9 on any dispensable . 

• ; ^^ithromyan drug composition. : • . .. . 

^Afbrous hydrophobic membrane capsule is prepared by the 

to a 230 mesh screen size, the milled glucose 
^S-i;i)^ m b(ed with poly(d.l-lactide) (35g. 200.000 avg. mol. wt.) and the 
* ^ix*ire is blended knd milled. A quantity (i/l5g) of the resutong particles ,s 

-4 '^hen placedln a transfer mold where the particles are molded in the form of. 
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are 2 6 cm in length, with an inside diameter of 0.457cm and a wall 
thickness of 0.06-0.08cm. The membrane cup is placed in water and at 37°C 
for 14 days. The water is changed after 3,7, and 10 days. The membrane 
cup is then cleaned with 70% ethanol/30% water, followed by water and , 

5 dried under vacuum. i. 

Next, sodium chloride is milled to 230 mesh. To the milled sodium : 
chloride (6g) is added sodium carboxymethylcellulose (4g), and the mixture 
is blended to produce a uniform osmptically effective composition. The 
composition is pressed into osmotically effective tablets at a pressure of 

10 1 0001b to produce a 1 0Omg cylindrical tablet with one flat and one convex 
end, and with a diameter of about 0.457cm to conform to the inner shape of 

the membrane cup. 

An inert spacer or piston is formed by combining ultrathene (0.5g) 
and vynathene (0.5g) and placing the mixture in a transfer mold shaped to 
15 provide a piston to fit in the membrane cup. ■"■ 
. The sodium chloride tablet is placed into the hydrophobic membrane 

capsule. The piston is inserted into the capsule on top of the sodium 
chloride tablet. A dispensable azithromycin composition (such as a slurry of 
azithromycin in polyethylene glycol) or another suspending agent) is^then 

20 filled on top of the piston. Lastly, the device is sealed with a cap which is 
equipped with a hole for dispensing the drug. When placed in an aqueous 
environment, device imbibes water by osmosis. This osmotic imbibition ■ : . 
drives the piston, which in turn acts on the azithromycin composition, forcing 
it out the hole in the cap at a controlled rate. , ■ 

25 =='..'■. ,-: ■ ; •• 

Fvqmple 31 . ■■■ \ 

This example illustrates the preparation of a pH-Dependent Coated 

tablet with a Cellulose Acetate Phthalate Coat 

Azithromycin tablet cores are manufactured according to the formula 

30 described in Table 31-1. Tablet cores are prepared by wet granulation of all 
tablet ingredients (except magnesium stearate/sodium lauryl sulfate). The 
dried granules are blended with the lubricant mixture magnesium stearate/ 
sodium lauryl sulfate, followed by tableting on a tablet press. Tablet cores 
are then spray-coated with an acetone solution of cellulose acetate 

35 phthalate (CAP) in a HCT-60 Hi-Coater® spray-coating apparatus (Freund 
Ind Corp., Tokyo). The CAP is plasticized with 25% (by weight) > ,y 
diethylphthalate (DEP) Sufficient CAP is sprayed onto the tablets to result. 
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irva final coding polymer weight, after drying, of 20 wt%, relative to the . 
weight of the uncbated tablet bed/ 



'table 31-1 
Azithromycin Tablet Core Formulation 



-.CSS 1 • »• : • 



v COMPONFNT 


WEIGHT (MG/TABLET) 


Azrthromvcin dihvdrate* _____ 


. 524.10 


Preaelatinized starch** 


54.00 


Calcium phosphate d'hasic, anhydrous 


277.68 


Sodium cr6searmellose# — 


1&00 


Magnesium stearate/Sqcfium lauryl 
stj|fateY90/inV 


26.22 • 


TOTAL • - • - ^ 


900 



# Ac-bi-Sbl (FMC Corp.). 



:v --;--.; ; ; V ./This / exarnple illustrate the preparation of a pH-Dependent CAP- 

15 Azithromycin tablets are manufactured as described in Example 31. 

-Tablets ? are spray coated with a solution of hydroxypropylmethylcellulose 
{HPMC- Colorcoh. Inc.) in water, using a HCT-60 Hi-Coaler. In this manner, 
• tablets are coated with a 5 wt% barrier coat of HPMC, relative to the initial 
H iab^wei^ht.: Tablets are then further spray-coated with cellulose acetate 
20 l : phthaiate (CAP) and DEP plasticizer (as described in Example 31), in the ; 

HCT-60 Hi-Cbater. Sufficient CAP is sprayed onto the tablets to result in a 
^ v J final coatihg polymer weight, after drying , of 20 wt%, relative to the weight of 
^ -the uhcoated tablet. The HPMC coat serves as a barrier between • 
^ - ^ithro This barrier coat prevents 

:. 25 ^prerhature dissolution (or weakening) of the CAP coat. e.g.. in the low pH ; 

& ^yirbnhient oj ^ the ^bmacri; potentially caused by a locally high pH in the 
; U: j ^t^l^' I nt^rlo r ue to ih© presence of azithromycih. : V- 
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E?Sme ^xamp!e illustrates the preparation of a pH-Dependent Coated 

Tablet with an Acrylic Resin Coat. : • • . '' ' 

Azithromycin tablets are manufactured according to Example 31. 

Tablets are then spray-coated with an acrylic resin in an HCT-60 Hi- 
Coater® spray-coating apparatus (Freund Ind. Corp.. Tokyo). The resin 
consists of a 1 m (w /w) mixture of Eudragit-L® and Eudragit-S®, wh,ch are 
methacrylic acid/methyl methacrylate copolymers, available from the 
RohmPharma Corporation (Darmstadt, Germany). The formula for the spray 
coating solution is given in Table 33-1 . The Eudragit-US Pnmary Layer 
coating formulation is sprayed on the tablets in the Hi-Coater. followed by 
spray-coating with the Covering Layer formulation. The total coating .- 
polymer weight applied is 15% of the weight of the uncoated tablet *>ed. 

Table 33-1. 

Eudragit® Spray-Coating Formulation for Tablets 




20 



E2amE T^xample illustrates the preparation of a pH-Dependent Acrylic 
Resin : Coated Tablet with Barrier Coat. 



15 
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: - ' -Azithromycin taM^^ manufactured according to Example 31. 
- Tablets are spray coated with a solution of hydroxypropyimethylcellulose 
" " 1HPMC) (Cblorcbh, inc.) in water, using a HCT-60 Hi-Coater. In this manner, . 
& ' Ablets are coated I with a 5 wt% barrier coat of HPMC, relative to the initial 
■ 5 iabietweight^ 

: HCf -6b Hi-Coater® spray-coating apparatus (Freuhd Industnes Corp. 
^ ^Tokyb) >fhe resin insists of a i:1 (w/w) mixture of Eudragit-L® and ; 

methacrylic acid/methyl methacrylate copolymers, 
'orovided by the R6hmPharma Corporation (Darmstadt, Germany). The ■ . , ... 
formula for the spray coating solution is given in Table 33-1.The Eudragrt- 
US Phrhary Layer coating formulation is sprayed on the tablets in the Hi- 
Coater, followed by sprayKX>ating with the Covering Layer formulation. The 

total acrylic . ; 

uncoated tablet bed:-the HPMC Undercoat serves as a barrier bet^ . 
iiihrorhycin arid the phUsensitive acrylic resin coat This barrier coat 
ore'vems premature dissolution (or Weakening) of the acrylic resin coat, e.g., 
% the f tow pH ehvirohment of the stomach, potentially caused by a locally 
Wr -S- bi^h ^ in the tablet inferior due to the p^ 

^T^^xarnple illus^es the preparation of Azithromycin Tablets with 

a Double belayed Release' Coat i 

V ;Azrthrbmydn tablets are manufactured according to Example 31. 
Tablets are spray^ated with an aqueous mixture of ethylceHu^ (EC) 
: (Sureiease; Colorcon Inc.) and hydroxypropyimethylcellulose (HPMC 
ibpayry®; Co«brcoh Inc.) at 70/30 EC/HPMC, using a HCT.60 rt-Coater® 

% e initial tablet weight: Tablets are then spray-coated wrthanacryhc resin 

ari HCT^O Hi-Coater® sprayWing apparatus (Freund Industnes Corp., 
^kyo). The resin consists of a 1 :1 (w/w) mixture of Eudragit-L® and 
: Ei^ methacrylid acid/methyl methacrylate copolymers. 

^ Mailable Irom RohrnPharma Cor^ (Darmstadt Germany). The 
if otmulSforthe spray mating solution is fliven In Tab^ 
" ds Prirna^ on the tablets in the Hl-^ 

' Coater^oitov^ formulation. T£ 

l ^ a^lic resirY^^ polymer weight applied is 10% of the we.ght of the 
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pvample 36. •'-•v- _ 4 . 

This example illustrates the preparation of pH-Dependent Coated 

Beads. 

5 Azithromycin beads are prepared as follows. Azithromycin, 

microcrystalline cellulose, and water (according to the formula in Table 36- 
1 ) are mixed in a Hobart mixer to form a paste. The paste is extruded into ; 
strands and spheronized, using a Fuji-Paudal exttuder/spheronizer, forming 
small beads (about 1 mm diam). which are subsequently dried. > The beads 

10 are subsequently spray-coated with an acrylic resin in a Glatt GPCQ-1 Fluid 
Bed Processor. The resin consists of a 1 :1 (w/W) mixture of Eudragit-I® and 
Eudragit-S®, which are methacrylic acid/methyl methacrylate copolymers, 
provided by the RShmPharma Corporation (Darmstadt, Germany). The 
formula for the coating solutions is presented in Table 33-1 . The Eudragit- 

15 US Primary Layer coating formulation is sprayed on the beads in the fluid 
bed processor, followed by spray-coating with the Covering Layer 
formulation. The total coating polymer weight applied is 25% of the weight 
of the uncoated bead bed. ^ •. • - 

Table 36-1. . . ' . 

Formula for Azithromycin beads of Example 36. 



20. 



Component 


ma/a 


Azithromycin dihydrate* 


951.61 


Microcrystalline cellulose** 


48.39 


Water# 


270.00 


TOTAL 


1,000.00 



25 



* Bulk potency 93.0%. 
•**. Avicel PH101 

# Volatile, substantially removed from final dosage form. 



Example 37. M ^ " ■ j vVsU^h 

This example illustrates, the preparation of pH-Dependent Coated 

Beads with an HPMC Barrier Coating. }. •• 



^0 95/3042?.-. V\ ■ 85' '. 

- ^ ' - ■ ^ithrornycin/microcrystalline cellulose beads were prepared as in 
V^:. . Exarnple 36. In a Glatt GPCG-1 Fluid Bed Processor, these beads are 
OMv coated with an aouebus solution of HPMC (Opadry®, Colorcon. Inc.). The; 
^m dV^M terrier coat comprises 5% of the weight of the uncoated . 
5 'beads: The HPMC-<:oatecrazithromycin beads are then coated vvrth a ^/o 
•;>' -'(by weight) coat of acrylic tesin as described in Example. The HPMC. 
i undercoat serves as a barrier between azithromycin and the pH-sens.tive 

acrylic resin coat, Thi«i barrier coat prevents premature dissolution (or . 
^e^r^^^J^ coat, e.g. in the low pH environment of the 

^sto^ 
> : of azithromydn. 
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